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Abstract. The distribution of functional abdominal spiracles in pupae of Coleoptera is reviewed based on published descriptions 
and original observations. Aquatic Coleoptera typically have strong modifications, generally including dramatic reductions in 
the number of functional spiracles and often their modification into either spiracular gills or snorkels, as a response to their 
environment. But pupae of the great majority of Coleoptera, which are terrestrial, show broad stability across higher taxa. 
Most terrestrial beetles have at least the first five pairs of abdominal spiracles functional, up to and including a full set of 
eight pairs. However, the number is unexpectedly low in Scarabaeoidea and within Staphyliniformia, where Histeridae and all 
Staphylinoidea have a confirmed maximum of four pairs of spiracles. The relation between pupal size and number of functional 
spiracles in terrestrial pupae is explored, and it is suggested that those groups with an unexpectedly small number of functional 
spiracles may have passed through a “small-size bottleneck” in their ancestry. However, this hypothesis does not explain why 
several families of very small beetles in other groups of Coleoptera do not show a similar reduction, and little evidence was 
found to support a strong relation between pupal size and number of functional spiracles at lower taxonomic levels (below 
family). Whether pupae are exarate or obtect apparently also has little correlation with the number of functional spiracles. 
However, the consistency and stability of spiracular reductions in the above groups suggests that deep historical factors are 
involved and thus the reductions may be of phylogenetic significance. It is urged that establishing the number of functional 
spiracles in beetle pupae become as standard a feature of pupal descriptions as chaetotaxy and whether they are exarate or 
obtect.
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INTRODUCTION
Beetles, an enormous group of about 400,000 
described species placed in more than 190 mod-
ern families, are holometabolous insects, and thus 
pass through four very distinct life stages: egg, 
larva (usually several instars), pupa and adult. 
Adults are the main life stage of systematic study, 
and are almost always the basis for the establish-
ment of scientific names, as well as the source of 
a majority of systematic characters used for clas-
sification and morphology-based phylogenetic 
analyses, since they include a rich character set 
associated with movement, feeding and repro-
duction. Larvae, the other active and frequently 
encountered life stage, also have a large suite of 
characters that are, to a large extent, functionally 
independent of those of adults. This has led to the 
wide use of larvae by most modern systematists, 
especially for phylogenetic studies. The remaining 
two stages, eggs and pupae, are generally inac-
tive and short-lived compared to the other two, 
are less often encountered and described, and so 
far have seldom been included in phylogenetic 
studies at higher taxonomic levels. For example, 
the most recent and comprehensive morphologi-
cal phylogenetic analysis of Coleoptera as a whole 
(Lawrence et al., 2011) used 516 phylogenetically 
informative characters in the analysis, but all of 
these were either of adults (344) or larvae (172), 
with no contribution from characters of eggs or 
pupae.
Nevertheless, eggs and pupae do possess sys-
tematically useful characters, and have been used 
occasionally for systematic and phylogenetic 
studies within smaller groups of beetles. Eggs, for 
example, when included in descriptions of imma-
ture stages at all, are often described in as little as 
two words (e.g., “ovoid, white”), but Hinton (1981, 
based on unpublished work of D.C.R. Lincoln) 
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demonstrated that, within the subfamily Staphylininae 
of Staphylinidae, the eggs of 43 taxa could be character-
ized and keyed out in a way that reflected generic and 
higher-level relationships within this subfamily. Pupae 
have received much more attention, especially through 
the efforts of Hinton (e.g., 1946a,  b, 1948, 1949, 1955a, 
1971) who developed a widely accepted classification of 
insect pupae and drew attention to a number of pupal 
characters of taxonomic and phylogenetic significance 
for beetle pupae, such as the presence and distribution 
of “gin traps” and other protective devices (e.g., Hinton, 
1946b, 1955a). According to his classification (Hinton, 
1946a, 1949), all known Coleoptera pupae are adecti-
cous (lack articulated mandibles that can be moved), 
and most are exarate (with appendages such as anten-
nae, wings and legs free of the body, and with more or 
less moveable abdomen and soft cuticle), while obtect 
pupae (appendages molded to the body, abdomen 
usually immobile, and with thick cuticle; see Fig.  1) oc-
cur within several beetle groups independently. Hinton 
(1946a) also noted that most beetle pupae occur in pro-
tected cells or even specially constructed cocoons and 
are terrestrial, although some are aquatic or adapted 
to episodic flooding. Pupae are featured prominently 
within some broader descriptive reviews of Coleoptera 
immature stages, e.g., in Costa et  al. (1988), as well as 
in detailed comparative studies of pupae within some 
groups such as Cerambycidae (e.g., Duffy, 1953, 1957, 
1960, 1963, 1968), Chrysomelidae (e.g., Cox, 1996, 1998) 
and Curculionoidea (e.g., Burke, 1968; May, 1994). Pupal 
descriptions have become not only more frequent but 
also more detailed and standardized over time, and now 
routinely include such features as the system of setae, 
spines or other projections that support the pupa in its 
cell, the presence and distribution of protective devices 
such as gin traps, and whether the pupa is exarate or ob-
tect. Such pupal characters have also been used in phylo-
genetic studies within a few taxa, e.g., in Hydradephaga 
(Ruhnau, 1986), Hydrophilidae (Archangelsky, 2004b), 
Staphylinidae: Staphylinini (Staniec & Pietrykowska-
Tudruj, 2019), Tenebrionidae (Bouchard & Steiner, 2004) 
and Chrysomelidae (Cox, 1998).
The present study is not an attempt to review pu-
pal characters in general for potential utility in system-
atic and phylogenetic studies, but rather is focused on 
one particular trait of Coleoptera pupae, the number 
and placement of abdominal spiracles that are func-
tional. More than a century ago, Verhoeff (1918) not-
ed that staphylinid pupae such as Philonthus decorus 
(Gravenhorst) and Rugilus rufipes Germar had a restricted 
number of functional abdominal spiracles, not the full 
set of eight pairs of functional spiracles that are pres-
Figure 1. Hesperus rufipennis (Gravenhorst). Pupa (A) left lateral view, (B) dorsal view, (C) detail of functional abdominal spiracle 2, (D) detail of non-functional 
abdominal spiracle 6. Modified from Staniec (2004b: figs. 45, 46, 49, and 50, respectively), used with permission.
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ent in larval and adult staphylinids of the same species. 
Verhoeff noted that the functional spiracles on abdomi-
nal segments 1-4 were evidently open and attached to 
functional tracheal tubes, while the more posterior spir-
acles were smaller and evidently closed, with vestigial 
tracheal tubes, or were absent (see example in Fig.  1). 
Paulian (1941), Emden (1957) and Hinton (1946a) also 
noted that this phenomenon of functional spiracular re-
duction in beetle pupae is common, and Paulian (1941) 
and Crowson (1981) suggested that the distribution of 
this character could have some phylogenetic signifi-
cance within beetles. Unfortunately, the description of 
the number of functional abdominal spiracles in beetle 
pupae has not become as standardized as some of the 
other pupal characteristics noted in the previous para-
graph. Some authors have noted the distribution of 
functional spiracles within particular groups, e.g., Duffy 
(1953, 1957, 1960, 1963, 1968) in Cerambycidae, Cox 
(1996, 1998) in Chrysomelidae and Newton & Thayer 
(1995) and Thayer (2016) in Staphylinidae, but it is still 
not routine in Coleoptera.
The purpose of this review is to provide a brief sum-
mary of the distribution of functional abdominal spira-
cles in beetle pupae, and explore whether there may 
be some higher phylogenetic relevance in this distribu-
tion. The review is focused most heavily on the beetle 
group Staphyliniformia, and especially the families of 
Staphylinoidea. This survey is based on a combination of 
published descriptions of pupae plus my original obser-
vations of beetle pupae that have been identified at least 
to family.
MATERIAL AND METHODS
It should be emphasized first that whether abdomi-
nal spiracles in pupae are functional or non-functional is 
not the same as whether spiracles are present or absent, 
since non-functional spiracles can still be conspicuous 
and easily confused with functional ones (see, e.g., Cox, 
1998 for discussion of the difficulty). Functional spiracles 
have a distinct spiracular opening and, internally, have 
a distinct tracheal connection and (often) a spiracular 
closing apparatus; non-functional spiracles are generally 
smaller than functional ones and lack an opening, and 
the attached trachea is collapsed or not evident (see 
example in Fig.  1). Published descriptions that do not 
make this distinction must be interpreted with caution, 
because they frequently refer to the presence of spiracles 
rather than functionality and may include more apical 
non-functional spiracles in the count. Another frequent 
error is that spiracles on the first abdominal segment 
may be overlooked because they are often more or less 
covered by the metathoracic wings (although spiracles 
on the first segment may also be genuinely absent, as 
evidently the case in Hydrophiloidea). Finally, care must 
be taken to determine that the spiracular count is from 
the pupa proper, not from any immediately preceding 
phases such a pharate pupa or pre-pupa that may be im-
mobile but still have the spiracles of the last larval instar 
functional, or from a pharate adult that is visible within 
the pupal cuticle (see, e.g., Costa & Vanin, 1985; Hinton, 
1971).
More than 840 publications containing descriptions 
and/or illustrations of beetle pupae were consulted. This 
literature survey is undoubtedly more complete for the 
families of Staphyliniformia, because I have maintained a 
card catalog of immature stages of this group and sought 
the relevant publications for several decades. Outside 
of this group, the survey is based largely on a literature 
search using general resources such as the Zoological 
Record and Google Scholar, although this approach is no 
doubt very incomplete in detecting pupal descriptions 
because pupae are often not mentioned in titles or ab-
stracts. For example, an excellent series of papers titled 
“Larvae of Neotropical Coleoptera …” plus taxon name 
(see examples in References by Costa et al. or Vanin et al.) 
often also include good pupal descriptions, but this is 
not evident from the titles. Recent comprehensive re-
views of Coleoptera immatures (e.g., Lawrence, 1991) or 
Coleoptera as a whole (e.g., the recent Coleoptera vol-
umes of the Handbook of Zoology: Beutel & Leschen, 
2016; Leschen et al., 2010; Leschen & Beutel, 2014) were 
also consulted for pupal descriptions or citations of lit-
erature on them. Unfortunately, only a small percentage 
of the consulted published descriptions refer specifically 
to the distribution of functional spiracles in the studied 
pupae, although in some additional cases where the 
descriptions or illustrations were sufficiently detailed it 
was possible to infer the presence of functional spiracles 
(in these cases, the distribution is indicated with “?” in 
Table 1).
Examined pupae include some of those on which 
publications were based, but also many pupae present 
in the collections of the Field Museum of Natural History 
(FMNH), and a few borrowed from or studied in other 
collections. Some of these were identified by rearing 
from identifiable larvae or by association with emerged 
adults, but others were identified only by association 
with larvae and/or adults found together with them in 
the same microhabitat, in combination with the use of 
adult characters that are visible in most beetle pupae 
(e.g., the shape of the antenna, head, eyes, and prono-
tum, leg and tarsal segmentation, and length of elytra 
are often clearly evident in pupae). Only those pupae 
that could be reasonably identified to family are cited 
in this study. In many cases of examined small lightly 
sclerotized pupae, where the functionality was not clear 
externally, the pupa was temporarily lightly cleared by 
warming in lactic acid and then observed with a com-
pound microscope (Leica Dialux 22) using transmitted 
light. Otherwise, pupae were observed with a Leica 
MZ-16 dissecting microscope. Most of these pupae are 
stored in 70% ethanol in vials, but a few were examined 
as dried pinned specimens, and a few small ones were 
also studied as permanent microscope slides.
The functional spiracles of beetle pupae, at least of 
those that pupate in terrestrial habitats, generally have 
simple annular spiracular openings, and may or may not 
have an internal closing apparatus on the tracheal con-
Newton, A.F.: Abdominal spiracles in beetle pupae Pap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
3/27
Ta
bl
e 1
. D
ist
rib
ut
ion
 of
 fu
nc
tio
na
l a
bd
om
ina
l s
pir
ac
les
 (F
AS
P)
 in
 Co
leo
pt
era
 pu
pa
e. 
Ta
xa
 ar
e a
rra
ng
ed
 al
ph
ab
et
ica
lly
 by
 su
bo
rd
er,
 se
rie
s, 
su
pe
rfa
m
ily
, fa
m
ily
, a
nd
 ta
xo
n n
am
e(
s),
 w
ith
 ad
dit
ion
 of
 su
bf
am
ily
 w
ith
in 
Sta
ph
yli
no
ide
a a
nd
 tr
ibe
s w
ith
in 
Sta
ph
yli
nid
ae
. A
ll m
od
ern
 Co
leo
pt
era
 fa
m
ilie
s a
re 
lis
ted
 ev
en
 if 
no
 da
ta
 w
ere
 fo
un
d, 
to
 hi
gh
lig
ht
 m
iss
ing
 da
ta
 at
 th
is l
ev
el.
 Th
e c
olu
m
n “
FA
SP
” in
dic
ate
s t
he
 di
str
ibu
tio
n o
f fu
nc
tio
na
l a
bd
om
ina
l sp
ira
cle
s in
 pu
pa
e b
y s
eg
m
en
t n
um
be
r u
sin
g A
rab
ic n
u-
m
era
ls;
 a 
qu
er
y (
?) 
ind
ica
tes
 do
ub
t o
r a
n i
nf
err
ed
 di
str
ibu
tio
n b
as
ed
 on
 pu
bli
sh
ed
 fig
ur
es
 or
 de
scr
ipt
ion
s. T
he
 “T
yp
e” 
co
lum
n i
nd
ica
tes
 pu
pa
l ty
pe
 as
 ex
ara
te 
(Ex
) o
r o
bt
ec
t (
Ob
), a
nd
 al
so
 if 
th
e p
up
ae
 ar
e a
qu
ati
c o
r p
eri
aq
ua
tic
 (A
q)
. “S
ou
rce
s” 
ind
ica
tes
 
pu
bli
sh
ed
 so
ur
ce
s t
ha
t a
re 
cit
ed
 in
 Re
fer
en
ce
s. A
n a
ste
ris
k (
*)
 be
for
e a
 ta
xo
n n
am
e i
nd
ica
tes
 it 
is b
as
ed
 on
 or
igi
na
l p
ers
on
al 
ob
se
rva
tio
n (
as
 “*
or
ig.
” in
 So
ur
ce
s) 
an
d a
 do
ub
le 
as
ter
isk
 (*
*)
 in
dic
ate
s o
th
er 
un
pu
bli
sh
ed
 so
ur
ce
s a
lso
 in
dic
ate
d i
n S
ou
rce
s.
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
Ad
ep
ha
ga
Am
ph
izo
ida
e
Ad
ep
ha
ga
As
pid
yt
ida
e
Ad
ep
ha
ga
Ca
ra
bid
ae
*A
sa
ph
idi
on
 pa
llip
es
; *
Be
m
bid
ion
 pu
nc
tu
lat
um
; C
ar
ab
us
 le
feb
vre
i, C
. s
pp
.; *
Cic
ind
ela
 
du
od
ec
im
gu
tta
ta
; H
ad
ro
ca
ra
bu
s d
uf
ou
ri;
 M
ac
ro
th
or
ax
 ru
go
su
s; 
Me
ga
ce
ph
ala
 br
as
ilie
ns
is;
 
*P
ar
at
ac
hy
s b
ist
ria
tu
s; 
Po
lpo
ch
ila
 sp
. (
Br
az
il)
; *
Po
ro
ta
ch
ys
 bi
su
lca
tu
s; 
*S
ca
ph
ino
tu
s 
m
ar
gin
at
us
; *
Ta
ch
yta
 na
na
; T
ric
ho
gn
at
hu
s m
ar
gin
ipe
nn
is;
 *C
ar
ab
ida
e s
pp
. (
US
A)
; 
Pa
us
sin
ae
 sp
p.
1-
5, 
1-
6, 
1-
7
Ex
Cá
rd
en
as
 &
 H
ida
lgo
, 2
00
2; 
Co
sta
 et
 al
., 1
98
8; 
Di
 G
iul
io 
et 
al.
, 2
00
7; 
Gi
gli
o 
et 
al.
, 2
00
9; 
Pa
uli
an
, 1
94
1; 
Sa
nt
os
, 2
01
2; 
Se
rra
no
, 1
99
2; 
St
ur
an
i, 1
96
2; 
*o
rig
.
Ad
ep
ha
ga
Dy
tis
cid
ae
Ac
iliu
s f
ra
ter
nu
s; 
Co
pe
lat
us
 gl
yp
hic
us
; H
op
eri
us
 pl
an
at
us
; H
yg
ro
tu
s s
ay
i; L
an
ce
tes
 
an
gu
sti
co
llis
; M
at
us
 ov
at
us
; N
eb
rio
po
ru
s c
ere
sy
i
1-
6, 
1-
7?
Ex
Br
an
cu
cc
i &
 Ru
hn
au
, 1
98
5; 
Di
 G
iul
io 
& 
Na
rd
i, 2
00
6; 
Sp
an
gle
r, 1
96
2a
, 
19
73
; S
pa
ng
ler
 &
 G
ille
sp
ie,
 19
73
; W
olf
e, 
19
80
; W
olf
e &
 Ro
ug
hl
ey
, 1
98
5
Ad
ep
ha
ga
Gy
rin
ida
e
Au
lon
og
yru
s s
tri
at
us
; G
yri
nu
s s
pp
.
1-
3?
Ex
, A
q
Sa
xo
d, 
19
65
. N
ot
e: 
1-
8 v
isi
ble
, 1
-3
 ve
ry
 la
rg
e, 
re
st 
sm
all
, p
re
su
m
ed
 
no
n-
fu
nc
tio
na
l.
Ad
ep
ha
ga
Ha
lip
lid
ae
Ha
lip
lus
 sp
p.;
 Pe
lto
dy
tes
 sp
p.
2-
4
Ex
, A
q
Hi
ck
m
an
, 1
93
0
Ad
ep
ha
ga
Hy
gr
ob
iid
ae
Ad
ep
ha
ga
M
er
uid
ae
Ad
ep
ha
ga
No
te
rid
ae
No
ter
us
 sp
.
1-
7
Ex
De
ttn
er,
 20
16
Ad
ep
ha
ga
Rh
ys
od
ida
e
Rh
ys
od
es
 su
lca
tu
s
1-
8
Ex
Bu
ra
ko
ws
ki,
 19
75
; N
ot
e: 
as
 su
bf
am
ily
 in
 Ca
ra
bid
ae
, L
aw
re
nc
e, 
20
16
Ad
ep
ha
ga
Tra
ch
yp
ac
hid
ae
Ar
ch
os
te
m
at
a
Cr
ow
so
nie
llid
ae
Ar
ch
os
te
m
at
a
Cu
pe
did
ae
Ar
ch
os
te
m
at
a
Ju
ro
did
ae
No
te
: fa
m
ily
 as
 in
ce
rta
e s
ed
is 
in 
Po
lyp
ha
ga
, L
aw
re
nc
e, 
20
16
Ar
ch
os
te
m
at
a
M
icr
om
alt
hid
ae
*M
icr
om
alt
hu
s d
eb
ilis
1-
8
Ex
Ro
ze
n,
 19
63
; *
or
ig.
Ar
ch
os
te
m
at
a
Om
m
at
ida
e
M
yx
op
ha
ga
Le
pic
er
oid
ea
Le
pic
er
ida
e
M
yx
op
ha
ga
Sp
ha
er
ius
oid
ea
Hy
dr
os
ca
ph
ida
e
Hy
dr
os
ca
ph
a n
at
an
s; 
Sc
ap
hy
dr
a a
ng
ra
1-
3
Ob
, A
q
Co
sta
 et
 al
., 1
98
8; 
Re
ich
ar
dt
, 1
97
4; 
Re
ich
ar
dt
 &
 H
int
on
, 1
97
6. 
No
te
: 
se
m
iaq
ua
tic
, S
ca
ph
yd
ra
 w
ith
 sp
ira
cu
lar
 gi
lls
.
M
yx
op
ha
ga
Sp
ha
er
ius
oid
ea
Sp
ha
er
ius
ida
e
M
yx
op
ha
ga
Sp
ha
er
ius
oid
ea
To
rri
din
co
lid
ae
Hi
nt
on
ia 
br
its
kii
; Y
tu
 ze
us
1-
2
Ob
, A
q
Co
sta
 et
 al
., 1
98
8; 
Re
ich
ar
dt
, 1
97
3; 
Re
ich
ar
dt
 &
 H
int
on
, 1
97
6. 
No
te
: 
se
m
iaq
ua
tic
, w
ith
 sp
ira
cu
lar
 gi
lls
.
Po
lyp
ha
ga
Bo
str
ich
ifo
rm
ia
Bo
str
ich
oid
ea
Bo
str
ich
ida
e
Po
lyp
ha
ga
Bo
str
ich
ifo
rm
ia
Bo
str
ich
oid
ea
De
rm
es
tid
ae
De
rm
es
tes
 m
ac
ula
tu
s, 
*D
. s
p. 
(U
SA
)
1-
6
Ex
Pr
ins
, 1
98
4b
; *
or
ig.
Po
lyp
ha
ga
Bo
str
ich
ifo
rm
ia
Bo
str
ich
oid
ea
En
de
ca
to
m
ida
e
Po
lyp
ha
ga
Bo
str
ich
ifo
rm
ia
Bo
str
ich
oid
ea
Pt
ini
da
e
La
sio
de
rm
a s
err
ico
rn
e; 
*”
An
ob
iid
ae
” s
p. 
(M
ex
ico
)
1-
7
Ex
Co
sta
 et
 al
., 1
98
8; 
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Ch
ry
so
m
elo
ide
a
Ce
ra
m
by
cid
ae
Ac
an
th
od
ere
s j
un
o, 
A.
 m
ela
no
sti
cta
; C
all
ipo
go
n l
uc
tu
os
um
; C
ole
ox
es
tia
 w
at
erh
ou
se
i; 
Eu
try
pa
nu
s d
or
sa
lis
; L
op
ho
po
eu
m
 tim
bo
uv
ae
; M
ac
ro
po
ph
or
a a
cce
nt
ife
r; M
ala
co
pt
eru
s 
pa
vid
us
; M
yz
om
or
ph
us
 qu
ad
rip
un
cta
tu
s; 
Ne
cy
da
lis
 ca
vip
en
nis
; O
reo
de
ra
 gl
au
ca
;
1-
5, 
1-
6, 
1-
7, 
1-
8
Ex
Be
nh
am
, 1
96
9; 
Bi
ffi
 &
 Fu
hr
m
an
n,
 20
13
; C
as
ar
i, 2
01
6; 
Ca
sa
ri &
 Al
be
rto
ni,
 
20
17
; C
as
ar
i &
 M
ar
tin
s, 
20
13
; C
as
ar
i &
 N
as
cim
en
to
, 2
01
9; 
Ca
sa
ri &
 
St
eff
an
ell
o, 
20
10
; C
as
ar
i &
 Te
ixe
ira
, 2
01
4; 
Co
sta
 et
 al
., 1
98
8; 
Co
x, 
19
96
,
Newton, A.F.: Abdominal spiracles in beetle pupaePap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
4/27
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
Or
th
ole
pt
ur
a i
ns
ign
is;
 Pa
ra
nd
ra
 lo
ng
ico
llis
; P
ar
at
en
th
ra
s m
ar
tin
si;
 Ph
oe
be
m
im
a e
ns
ife
ra
; 
Po
lyo
za
 la
co
rd
air
ei;
 Pr
ion
us
 la
tic
oll
is;
 Ps
ap
ha
ro
ch
ru
s c
yli
nd
ric
us
, P.
 ve
tu
stu
s; 
Ps
yll
ot
ox
us
 
gr
ise
oc
inc
tu
s; 
Py
rrh
idi
um
 sa
ng
uin
eu
m
; P
yro
de
s n
iti
du
s; 
Qu
erc
ivi
r g
ou
ne
lle
i; R
etr
ac
hy
de
s 
th
or
ac
icu
s; 
Ste
no
do
nt
es
 sp
ini
ba
rb
is;
 Ta
pu
ru
ia 
fel
isb
er
to
i; T
illo
glo
mu
s s
pe
cta
bil
e;  
[d
oz
en
s 
of
 ad
dit
ion
al 
ge
ne
ra
 in
 m
ult
ipl
e s
ub
fam
ilie
s, 
se
e C
ox
 (1
99
6)
, D
uf
fy 
(1
95
3-
19
68
)]
1-
5, 
1-
6, 
1-
7, 
1-
8
Ex
19
98
; D
uf
fy,
 19
53
, 1
95
7, 
19
60
, 1
96
3, 
19
68
; L
ee
ch
, 1
96
6; 
M
er
m
ud
es
 &
 
M
on
né
, 2
00
1; 
Pe
nt
ea
do
-D
ias
, 1
98
2; 
Šv
ác
ha
 &
 La
wr
en
ce
, 2
01
4d
; T
eix
eir
a 
& 
No
gu
eir
a, 
19
93
; Z
ajc
iw
, 1
96
4, 
19
73
, 1
97
5a
, b
, 1
97
6. 
No
te
: 1
-8
 on
ly 
in 
Py
rrh
idi
um
 sa
ng
uin
eu
m
, te
ste
 Šv
ác
ha
 &
 La
wr
en
ce
, 2
01
4d
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Ch
ry
so
m
elo
ide
a
Ch
ry
so
m
eli
da
e
Al
tic
a s
pp
.; A
m
bly
ce
ru
s u
nim
ac
ula
tu
s; 
An
ac
as
sis
 sp
p.;
 *C
all
os
ob
ru
ch
us
 sp
. (
US
A)
; 
Ca
lyp
to
ce
ph
ala
 pa
ra
lut
ea
; C
ar
ye
de
s b
ra
sil
ien
sis
; C
as
sid
a s
pp
.; C
ha
rid
ot
is 
ge
m
ell
at
a; 
Ch
ry
so
ph
th
ar
ta
 sp
p.;
 D
icr
an
os
ter
na
 im
m
ac
ula
ta
; *
Ga
ler
uc
ell
a x
an
th
om
ela
en
a; 
Gr
at
ian
a 
co
nf
or
m
is;
 H
ete
ris
pa
 vi
nu
la;
 La
cco
pt
era
 sp
p.;
 La
m
pr
os
om
a a
m
eth
ys
tin
um
; M
ec
yn
od
era
 
ba
ly;
 M
eta
xy
ce
ra
 pu
rp
ur
at
a; 
No
va
ca
str
ia 
no
th
of
ag
i; P
ac
hy
m
eru
s s
pp
.; P
ar
op
sid
es
 
um
br
os
a; 
Pa
ro
ps
is 
sp
p.;
 Pa
ro
ps
ist
ern
a s
pp
.; P
hy
so
co
ry
na
 sc
ab
ra
; P
se
ud
ola
m
ps
is 
da
rw
ini
; 
Py
gio
pa
ch
ym
eru
s l
ine
ola
; P
yrg
oid
es
 sp
p.;
 Sp
ec
iom
eru
s r
ub
ro
fem
or
ali
s; 
Sti
ch
ot
ae
nia
 sp
p.;
 
Sy
ph
rea
 ub
era
be
ns
is;
 Tr
ac
hy
m
ela
 cf
. ti
nc
tic
oll
is;
 Tr
oc
ha
lod
es
 cf
. h
em
isp
ha
eri
ca
; [d
oz
en
s 
of
 ad
dit
ion
al 
ge
ne
ra
 in
 m
ult
ipl
e s
ub
fam
ilie
s, 
se
e C
ox
 (1
99
6)
]
1-
5, 
1-
6, 
1-
7?
, 1
-8
?
Ex
, O
b
Bu
zz
i, 1
97
5, 
19
96
; B
uz
zi 
& 
M
iya
za
ki,
 19
92
; C
as
ar
i, 2
00
5; 
Ca
sa
ri &
 D
uc
ke
tt,
 
19
98
; C
as
ar
i &
 Te
ixe
ira
, 1
99
7, 
20
04
, 2
00
8, 
20
10
, 2
01
1; 
Co
x, 
19
96
, 1
99
8; 
Fe
rn
an
de
s &
 Bu
zz
i, 2
00
7; 
La
wr
en
ce
 &
 Re
id,
 20
14
; R
an
ad
e e
t a
l., 
20
04
; 
Ra
ne
 &
 G
ha
te
, 2
00
5; 
Re
id,
 19
92
; R
eid
 &
 Be
at
so
n,
 20
19
; Ś
wi
ęt
oja
ńs
ka
, 
20
05
; T
ak
iza
wa
, 1
97
8; 
Te
ixe
ira
 &
 Ca
sa
ri-
Ch
en
, 1
99
2; 
Zh
an
g e
t a
l., 
20
07
; 
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Ch
ry
so
m
elo
ide
a
Di
ste
nii
da
e
Di
ste
nia
 ja
po
nic
a
1-
6
Ex
Šv
ác
ha
 &
 La
wr
en
ce
, 2
01
4c
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Ch
ry
so
m
elo
ide
a
M
eg
alo
po
did
ae
Ag
at
ho
m
eru
s s
ell
at
us
; T
em
na
sp
is 
na
nk
ine
a; 
Ze
ug
op
ho
ra
 fla
vic
oll
is
1-
6
Ex
Co
x, 
19
96
, 1
99
8
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Ch
ry
so
m
elo
ide
a
Or
so
da
cn
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Ch
ry
so
m
elo
ide
a
Ox
yp
elt
ida
e
Ox
yp
elt
us
 qu
ad
ris
pin
os
us
1-
5
Ex
Šv
ác
ha
 &
 La
wr
en
ce
, 2
01
4b
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Ch
ry
so
m
elo
ide
a
Ve
sp
er
ida
e
Ve
sp
eru
s s
an
zi
1-
5
Ex
Šv
ác
ha
 &
 La
wr
en
ce
, 2
01
4a
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Ac
an
th
oc
ne
m
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Bi
ph
yll
ida
e
Di
plo
co
elu
s a
f. a
m
pli
co
llis
1-
6
Ex
Co
sta
 et
 al
., 1
98
8
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
By
tu
rid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Ch
ae
to
so
m
at
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Cle
rid
ae
*C
ler
ida
e s
p. 
(Ta
sm
an
ia)
1-
6
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Lo
ph
oc
at
er
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
M
au
ro
nis
cid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
M
ely
rid
ae
As
tyl
us
 tr
ifa
sci
at
us
1-
7
Ex
Es
tra
da
 &
 So
ler
vic
en
s, 
19
97
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Pe
lti
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Ph
loi
op
hil
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Ph
yc
os
ec
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Pr
ion
oc
er
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Pr
ot
op
elt
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Re
nt
on
iid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Rh
ad
ali
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Th
an
er
oc
ler
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Th
ym
ali
da
e
*T
hy
m
alu
s m
ar
gin
ico
llis
1-
6
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cle
ro
ide
a
Tro
go
ssi
tid
ae
Te
m
no
ch
ila
 sp
. (
Br
az
il)
, *
T. 
sp
. (
M
ex
ico
)
1-
6
Ex
Co
sta
 et
 al
., 1
98
8; 
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Ak
aly
pt
ois
ch
iid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Al
ex
iid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
An
am
or
ph
ida
e
Newton, A.F.: Abdominal spiracles in beetle pupae Pap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
5/27
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Bo
th
rid
er
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Ce
ry
lon
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Co
cc
ine
llid
ae
An
ov
ia 
cir
cu
m
clu
sa
; C
oc
cin
ell
a o
ce
lig
era
; E
pil
ac
hn
a s
pp
.; C
oc
cin
ell
ida
e s
p.
1-
6, 
1-
8
Ex
, O
b
Ca
sa
ri &
 Te
ixe
ira
, 2
01
5; 
Co
sta
 et
 al
., 1
98
8; 
Fo
rre
ste
r e
t a
l., 
20
09
; Ś
lip
ińs
ki 
& 
To
m
as
ze
ws
ka
, 2
01
0
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Co
ry
lop
hid
ae
Or
th
op
eru
s s
p. 
(B
ra
zil
); 
Se
ric
od
eru
s l
at
era
lis
1-
5
Ob
Co
sta
 et
 al
., 1
98
8; 
Hi
nt
on
, 1
94
1b
; P
oli
lov
 &
 Be
ut
el,
 20
10
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Di
sco
lom
at
ida
e
Di
sco
lom
a m
od
es
tu
m
1-
4
Ex
Co
sta
 et
 al
., 1
98
8
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
En
do
m
yc
hid
ae
Am
ph
ix 
sp
. (
Br
az
il)
; A
rch
ipi
ne
s c
ha
m
pio
ni;
 En
do
my
ch
us
 bi
gu
tta
tu
s; 
Ly
co
pe
rd
ina
 
fer
ru
gin
ea
; M
yc
eti
na
 cr
uc
iat
a; 
*E
nd
om
yc
hid
ae
 sp
. (
Pa
na
m
a)
1-
5, 
1-
7
Ex
Bu
ra
ko
ws
ki,
 19
97
; C
os
ta
 et
 al
., 1
98
8; 
Le
sch
en
 &
 Ca
rlt
on
, 1
98
8; 
Pa
ka
luk
, 
19
84
; T
om
as
ze
ws
ka
, 2
00
3; 
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Eu
ps
ilo
bii
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Eu
xe
sti
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
La
tri
dii
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
M
ur
m
idi
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
M
yc
et
ae
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Co
cc
ine
llo
ide
a
Te
re
did
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ag
ap
yt
hid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Bo
ga
nii
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ca
vo
gn
at
hid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Cr
yp
to
ph
ag
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Cu
cu
jid
ae
*P
lat
isu
s s
p. 
(A
us
tra
lia
)
1-
6?
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Cy
bo
ce
ph
ali
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Cy
cla
xy
rid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ero
ty
lid
ae
Ae
git
hu
s c
lav
ico
rn
is;
 Cy
ph
ero
ty
lus
 ca
lifo
rn
icu
s; 
Ero
tyl
us
 hi
str
io;
 *T
rit
om
a b
igu
tta
ta
1-
4, 
1-
5
Ex
Co
sta
 et
 al
., 1
98
8; 
Gr
av
es
, 1
96
5; 
Te
ixe
ira
 &
 Ca
sa
ri,
 19
98
; *
or
ig.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
He
lot
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ho
ba
rti
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ka
te
re
tid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
La
em
op
hl
oe
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
La
m
ing
to
nii
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
M
on
ot
om
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
M
yra
bo
liid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ni
tid
uli
da
e
Br
ac
hy
pe
plu
s g
lab
er;
 Ca
rp
op
hil
us
 sp
p.;
 Co
no
tel
us
 sp
. (
Br
az
il)
; E
pu
rea
 gu
tta
ta
; M
eli
ge
th
es
 
ae
ne
us
, M
. ?
ru
fic
or
nis
1-
6
Ex
Cli
ne
 et
 al
., 2
01
3; 
Co
sta
 et
 al
., 1
98
8; 
Ku
ro
ch
kin
, 2
00
5; 
Ku
ro
ch
kin
 &
 
Kir
ejt
sh
uk
, 2
00
3; 
Os
bo
rn
e, 
19
65
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Pa
ssa
nd
rid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ph
ala
cri
da
e
Ac
ylo
mu
s p
ug
eta
nu
s
1-
7
Ex
St
ein
er
 &
 Si
ng
h,
 19
87
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ph
loe
os
tic
hid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Pr
ias
ilp
hid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Pr
ot
oc
uc
uji
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Sil
va
nid
ae
*C
ry
pt
am
or
ph
a s
p. 
(N
ew
 Ze
ala
nd
); 
Ma
cro
hy
lio
ta
 sc
ulp
tu
s; 
Me
ga
hy
lio
ta
 cr
yp
to
luc
idu
s; 
*U
lei
ot
a s
p. 
(A
us
tra
lia
)
1-
5, 
1-
7?
Ex
Yo
sh
ida
 &
 H
iro
wa
ta
ri,
 20
16
; *
or
ig.
Newton, A.F.: Abdominal spiracles in beetle pupaePap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
6/27
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Sm
icr
ipi
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Sp
hin
did
ae
As
pid
iph
or
us
 or
bic
ula
tu
s
1-
5 +
 ?
Ex
Bu
ra
ko
ws
ki 
& 
Śli
piń
sk
i, 1
98
7
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
cu
joi
de
a
Ta
sm
os
alp
ing
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
An
th
rib
ida
e
Ar
ae
ce
ru
s p
alm
ar
is;
 Pt
yc
ho
de
res
 el
on
ga
tu
s
1-
6
Ex
Co
sta
 et
 al
., 1
98
8; 
M
ay
, 1
99
4
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
At
te
lab
ida
e
At
tel
ab
us
 ni
ten
s; 
Au
let
ob
ius
 ca
ssa
nd
ra
e; 
Eu
gn
am
pt
us
 co
lla
ris
; H
ap
lor
hy
nc
hit
es
 ae
ne
us
; 
Hy
bo
lab
us
 am
az
on
icu
s; 
Me
rh
yn
ch
ite
s b
ico
lor
; P
se
lap
ho
rh
yn
ch
ite
s p
erp
lex
us
1-
6, 
1-
7
Ex
Ha
m
ilt
on
, 1
98
0, 
19
81
, 1
98
3; 
Ha
m
ilt
on
 &
 Ku
rit
sk
y, 
19
81
; R
ied
el,
 20
14
; 
Va
nin
 &
 Be
ná
, 2
02
0
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
Be
lid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
Br
ac
hy
ce
rid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
Br
en
tid
ae
Ap
ion
 br
ev
ico
rn
e; 
Di
pla
pio
n c
on
flu
en
s; 
Es
ten
or
hin
us
 an
gu
lic
oll
is;
 Sq
ua
m
ap
ion
 at
om
ar
ium
1-
5, 
1-
6
Ex
Co
sta
 et
 al
., 1
98
8; 
Go
sik
 et
 al
., 2
01
0; 
Lim
a e
t a
l., 
20
20
; P
aw
lęg
a e
t a
l., 
20
19
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
Ca
rid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
Cim
be
rid
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
Cu
rcu
lio
nid
ae
An
th
on
om
us
 sp
p.;
 Ba
go
us
 al
ism
at
is,
 Ba
go
us
 sp
p.;
 Ba
ry
pe
ith
es
 pe
llu
cid
us
; B
ra
ch
yd
ere
s 
inc
an
us
; *
Ca
lve
rti
us
 tu
be
ro
su
s; 
Cle
on
is 
pig
ra
; C
leo
po
m
iar
us
 sp
p.;
 Eu
dia
go
gu
s s
pp
.; 
Eu
se
m
io 
sp
. (
Br
az
il)
; L
ar
inu
s s
pp
.; L
ino
m
ad
ar
us
 sp
. (
Br
az
il)
; L
iop
hlo
eu
s t
es
su
lat
us
; L
ixu
s 
pu
lve
ru
len
tu
s; 
Mi
ar
us
 sp
p.;
 M
on
on
yc
hu
s s
pp
.; N
au
pa
ctu
s s
p. 
(B
ra
zil
); 
Ot
ior
hy
nc
hu
s s
pp
.; 
Pe
rit
elu
s s
ph
ae
ro
ide
s; 
Ph
ry
diu
ch
us
 sp
p.;
 Ph
yll
ob
ius
 sp
p.;
 Pi
tyo
ph
th
or
us
 sp
. (
Br
az
il)
; 
Pli
nt
hu
s c
au
ca
sic
us
; R
hin
us
a b
ipu
stu
lat
a, 
R. 
ne
ta
; S
tro
ph
os
om
a c
f. s
us
; T
an
ym
ec
us
 
pa
llia
tu
s; 
Th
ry
og
en
es
 fe
stu
ca
e, 
T. 
fio
rii
, T
. n
ere
is;
 Tr
ich
ob
ar
is 
sp
p.;
 Ty
ch
ius
 su
bs
ulc
at
us
1-
5, 
1-
6, 
1-
7
Ex
An
de
rso
n,
 19
70
; A
rza
no
v, 
20
17
, 2
01
9; 
Bá
bo
rsk
á e
t a
l., 
20
19
; B
en
á &
 
Va
nin
, 2
01
3; 
Bu
rke
, 1
96
8; 
Bu
rke
 et
 al
., 1
98
4; 
Co
sta
 et
 al
., 1
98
8; 
Cu
da
 &
 
Bu
rke
, 1
98
5; 
Go
sik
, 2
00
6, 
20
07
, 2
00
8, 
20
09
a, 
b, 
20
10
, 2
01
1; 
Go
sik
 &
 
Sk
uh
ro
ve
c, 
20
11
; G
os
ik 
& 
Sp
ric
k, 
20
12
, 2
01
3; 
Ko
va
rik
 &
 Bu
rke
, 1
98
5; 
Śc
ibi
or
 &
 Łę
to
ws
ki,
 20
18
; S
ku
hr
ov
ec
 et
 al
., 2
01
7, 
20
18
, 2
01
9; 
St
an
iec
 &
 
Go
sik
, 2
00
3; 
Sz
wa
j e
t a
l., 
20
18
; *
or
ig.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
Dr
yo
ph
th
or
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Cu
rcu
lio
no
ide
a
Ne
m
on
yc
hid
ae
Rh
yn
ch
ito
ple
siu
s e
xim
ius
1-
7
Ex
Co
sta
 et
 al
., 1
98
8
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Ly
m
ex
ylo
ide
a
Ly
m
ex
yli
da
e
At
ra
cto
ce
ru
s e
m
ar
gin
at
us
1-
7
Ex
Fu
lm
ek
, 1
93
0; 
La
wr
en
ce
, 2
01
0
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Ad
er
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
An
th
ici
da
e
Cy
clo
din
us
 co
ns
tri
ctu
s
1-
8?
Ex
Co
lom
bin
i e
t a
l., 
19
85
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Ar
ch
eo
cry
pt
ici
da
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Bo
rid
ae
**
Bo
ro
s u
nic
olo
r
1-
7
Ex
**
W
ar
re
n S
te
ine
r in
 lit
ter
is 
to
 AF
N 
25
 N
ov
em
be
r 2
01
9
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Ch
alc
od
ry
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Cii
da
e
Po
rcu
lus
 vi
an
ai;
 *C
iid
ae
 sp
. (
Ta
sm
an
ia)
1-
5
Ex
Co
sta
 et
 al
., 1
98
8; 
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
M
ela
nd
ry
ida
e
Se
rro
pa
lpu
s c
ox
ali
s
1-
7?
Ex
Ho
eb
ek
e &
 M
cC
ab
e, 
19
77
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
M
elo
ida
e
Me
loe
typ
hlu
s a
tta
ce
ph
alu
s
1-
7
Ex
Co
sta
 et
 al
., 1
98
8
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
M
or
de
llid
ae
Mo
rd
ell
a s
p. 
(B
ra
zil
)
1-
7
Ex
Co
sta
 et
 al
., 1
98
8
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
M
yc
et
op
ha
gid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
M
yc
te
rid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Oe
de
m
er
ida
e
Di
ple
ctr
us
 vi
cin
us
; S
es
sin
ia 
liv
ida
1-
7
Ex
Co
sta
 et
 al
., 1
98
8; 
Du
ffy
, 1
95
2
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Pr
om
ec
he
ilid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Pr
os
to
m
ida
e
*P
ro
sto
m
is 
sp
. (A
us
tra
lia
)
1-
7
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Pt
er
og
en
iid
ae
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Py
ro
ch
ro
ida
e
*P
yro
ch
ro
ida
e s
p. 
(U
SA
)
1-
7
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Py
th
ida
e
*P
yth
o s
eid
lit
zi
1-
7
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Ri
pip
ho
rid
ae
Rh
ipi
diu
s q
ua
dr
ice
ps
1-
6
Ob
Be
su
ch
et
, 1
95
6a
Newton, A.F.: Abdominal spiracles in beetle pupae Pap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
7/27
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Sa
lpi
ng
ida
e
*D
iag
ry
pn
od
es
 w
ak
efi
eld
i
1-
7
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Sc
ra
pt
iid
ae
Sc
ra
pt
ia 
tri
an
gu
lar
is
1-
7
Ex
Va
nin
 et
 al
., 1
99
6
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
St
en
ot
ra
ch
eli
da
e
*C
ep
ha
loo
n u
ng
ula
re
1-
6
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Sy
nc
hr
oid
ae
*S
yn
ch
ro
a p
un
cta
ta
1-
7
Ex
*o
rig
.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Te
ne
br
ion
ida
e
Al
ph
ito
biu
s d
iap
eri
nu
s; 
An
ae
du
s s
p.;
 Bo
lito
ph
ag
us
 re
tic
ula
tu
s; 
*B
oli
to
th
eru
s c
or
nu
tu
s; 
Bo
th
ro
tes
 sp
.; C
hr
ys
op
ep
lus
 ex
po
lit
us
; D
elo
gn
at
ha
 sp
. (
Br
az
il)
; D
ere
tu
s s
pin
ico
llis
; 
De
ro
sp
ha
eru
s h
irt
ipe
s; 
Di
ap
eri
s s
p.;
 D
ioe
du
s s
pp
.; E
um
yla
da
 sp
p.;
 Go
no
ce
ph
alu
m
 
ret
icu
lat
um
; H
ete
ro
ch
eir
a m
ar
tel
lii;
 H
yp
au
lax
 cr
en
at
a; 
La
gr
ia 
sp
.; L
ep
ro
ca
ulu
s b
or
ne
en
sis
; 
Me
lan
es
th
es
 sp
p.;
 M
eti
so
pu
s p
ur
pu
rei
pe
nn
is;
 M
oli
on
 m
ue
lle
ri;
 M
yla
din
a u
ng
uic
uli
na
; 
Ni
lio
 sp
.; O
pa
tru
m
 su
ba
ra
tu
m
; P
ac
hy
ph
ale
ria
 ca
pe
ns
is;
 Pe
ne
ta
 sp
p.;
 Pe
nt
hic
us
 sp
p.;
 
Ph
ale
ria
 te
sta
ce
a; 
Ph
ren
ap
at
es
 sp
p.;
 Pr
om
eth
is 
sp
p;
 Ps
eu
do
ph
th
or
a f
or
di;
 Sc
ler
op
at
ru
m
 
ho
rri
du
m
; T
em
no
rrh
yn
ch
us
 re
tu
su
s; 
Zy
po
ete
s s
p. 
(P
an
am
a)
; [
m
ult
ipl
e a
dd
iti
on
al 
ge
ne
ra
 
of
 D
iap
er
ina
e, 
Pim
eli
ina
e, 
St
en
oc
hii
na
e, 
Te
ne
br
ion
ina
e]
1-
5, 
1-
6, 
1-
7, 
2-
7
Ex
Bo
uc
ha
rd
, 2
01
9; 
Bo
uc
ha
rd
 &
 St
ein
er,
 20
04
; C
he
laz
zi 
et 
al.
, 1
98
6; 
Du
ar
te
 
et 
al.
, 1
99
7; 
Jia
 et
 al
., 2
01
3; 
M
at
th
ew
s e
t a
l., 
20
10
; P
rin
s, 
19
84
b;
 Pu
rch
ar
t 
& 
Na
bo
zh
en
ko
, 2
01
2; 
St
ein
er,
 19
95
; W
ag
ne
r &
 G
os
ik,
 20
16
; *
or
ig.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Te
tra
to
m
ida
e
*E
us
tro
ph
inu
s s
p. 
(U
SA
); 
My
ce
to
m
a s
ut
ur
ale
; *
Pe
nt
he
 ob
liq
ua
ta
1-
5, 
1-
8?
Ex
Bu
ra
ko
ws
ki,
 19
95
; *
or
ig.
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Tri
cte
no
to
m
ida
e
**
Tri
cte
no
to
m
a f
or
m
os
an
a
1-
6
Ex
Lin
 &
 H
u, 
20
19
, p
lus
 **
Fa
ng
-S
hu
o H
u i
n l
itt
eri
s t
o A
FN
 11
 O
cto
be
r 2
01
9
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Ul
od
ida
e
Po
lyp
ha
ga
Cu
cu
jif
or
m
ia
Te
ne
br
ion
oid
ea
Zo
ph
er
ida
e
No
se
rin
us
 do
rm
ea
nu
s; 
Rh
op
alo
ce
ru
s r
on
da
nii
1-
6, 
1-
8?
Ex
Co
sta
 et
 al
., 1
98
8; 
Śli
piń
sk
i &
 Bu
ra
ko
ws
ki,
 19
88
Po
lyp
ha
ga
De
ro
do
nt
ifo
rm
ia
De
ro
do
nt
oid
ea
De
ro
do
nt
ida
e
Po
lyp
ha
ga
De
ro
do
nt
ifo
rm
ia
No
so
de
nd
ro
ide
a
No
so
de
nd
rid
ae
No
te
: fa
m
ily
 as
 in
ce
rta
e s
ed
is 
in 
Po
lyp
ha
ga
, L
aw
re
nc
e, 
20
16
, o
r in
 it
s o
wn
 
su
pe
rfa
m
ily
 fo
llo
wi
ng
 M
cK
en
na
 et
 al
., 2
01
9
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Bu
pr
es
to
ide
a
Bu
pr
es
tid
ae
Ag
ril
us
 pl
an
ipe
nn
is;
 Br
ac
hy
s c
lei
de
co
sta
e; 
Co
ro
eb
us
 flo
ren
tin
us
; E
uc
hr
om
a g
iga
nt
ea
; 
Pt
ero
bo
th
ris
 co
rro
su
s; 
*B
up
re
sti
da
e s
pp
. (C
hil
e, 
Ne
w 
Ze
ala
nd
)
1-
5, 
1-
6, 
1-
8?
Ex
Ch
am
or
ro
 et
 al
., 2
01
2; 
Co
sta
 &
 Va
nin
, 1
98
4; 
Co
sta
 et
 al
., 1
98
8; 
M
igl
ior
e 
et 
al.
, 2
02
0; 
M
oo
re
 &
 Ce
rd
a, 
19
86
; S
or
ia 
Ig
les
ias
 &
 O
ce
te
 Ru
bio
, 1
99
2; 
*o
rig
.
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Bu
pr
es
to
ide
a
Sc
hiz
op
od
ida
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
By
rrh
ida
e
*C
yti
lus
 sp
. (
US
A)
; *
Sim
plo
ca
ria
 sp
. (
US
A)
1-
6, 
1-
7
Ex
*o
rig
.
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Ca
llir
hip
ida
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Ch
elo
na
rii
da
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Cn
eo
glo
ssi
da
e
Cn
eo
glo
ssa
 ed
so
ni
1-
7?
Ex
Co
sta
 et
 al
., 1
99
9b
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Dr
yo
pid
ae
On
op
elm
us
 gu
ar
an
i
1-
7
Ex
Va
nin
 et
 al
., 1
99
7
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Elm
ida
e
La
ra
 av
ar
a
1-
7
Ex
St
ee
dm
an
, 1
98
3
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Eu
lic
ha
did
ae
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
He
te
ro
ce
rid
ae
*H
et
er
oc
er
ida
e s
p. 
(C
hil
e)
1-
7
Ex
*o
rig
.
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Lim
nic
hid
ae
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Lu
tro
ch
ida
e
Lu
tro
ch
us
 ge
rm
ar
i
1-
5
Ex
Co
sta
 et
 al
., 1
99
6
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Pr
ot
elm
ida
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Ps
ep
he
nid
ae
Af
ro
eu
br
ia 
sp
p.;
 Eu
br
ia 
pa
lus
tri
s; 
Eu
br
ian
ax
 sp
p.;
 M
eta
eo
ps
ep
he
nu
s j
ap
on
icu
s; 
Ni
pp
on
eu
br
ia 
yo
sh
ito
m
ii; 
Ps
ep
he
no
ide
s s
pp
.; P
se
ph
en
us
 pa
lpa
lis
; S
cle
ro
cy
ph
on
 fu
scu
s; 
Eu
br
iin
ae
 sp
p. 
(S
ou
th
 Af
ric
a, 
Ta
sm
an
ia)
1-
7, 
2-
7, 
1-
3+
6-
7, 
7 
on
ly
Ex
, A
q
Hi
nt
on
, 1
95
5b
, 1
96
6; 
Le
e &
 Sa
tô
, 1
99
6. 
No
te
: s
em
iaq
ua
tic
, m
os
t w
ith
 
sp
ira
cu
lar
 gi
lls
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
By
rrh
oid
ea
Pt
ilo
da
cty
lid
ae
Pa
ra
lic
ha
s t
riv
itt
is;
 Te
tra
glo
ssa
 pa
lpa
lis
; *
Pt
ilo
da
cty
lid
ae
 sp
. (
Pa
na
m
a)
1-
7
Ex
Fu
nk
 &
 Fe
ns
te
rm
ac
he
r, 2
00
2; 
Sp
an
gle
r, 1
98
3; 
*o
rig
.
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Da
sci
llo
ide
a
Da
sci
llid
ae
Da
sci
llu
s d
av
ids
on
i
1-
7
Ex
Gr
eb
en
nik
ov
 &
 Sc
ho
ltz
, 2
00
3
Newton, A.F.: Abdominal spiracles in beetle pupaePap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
8/27
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Da
sci
llo
ide
a
Rh
ipi
ce
rid
ae
Po
lym
eri
us
 ch
ile
ns
is
1-
7
Ex
So
ler
vic
en
s, 
20
05
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Ar
te
m
at
op
od
ida
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Br
ac
hy
ps
ec
tri
da
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Ca
nt
ha
rid
ae
Ch
au
lio
gn
at
hu
s f
lav
ipe
s, 
C. 
hu
m
era
lis
, C
. ig
na
cio
su
s, 
C. 
sp
ini
pe
nn
is;
 Da
iph
ro
n b
ipa
rti
tu
s, 
D. 
m
ed
iof
as
cia
tu
m
; M
ac
ro
m
alt
hin
us
 br
as
ilie
ns
is
1-
8
Ex
Bi
ffi
 &
 Ca
sa
ri,
 20
17
; B
iff
i &
 Ro
sa
, 2
01
9
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Ce
ro
ph
yt
ida
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Dr
ilid
ae
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Ela
te
rid
ae
Di
pr
op
us
 br
as
ilia
nu
s; 
Fu
lge
oc
hli
zu
s b
ru
ch
i; L
ud
ioc
ten
us
 cy
pr
ius
; P
ac
hy
cre
pid
ius
 bi
cin
ctu
s; 
Pa
ra
ca
lai
s p
ro
se
ctu
s; 
Ph
erh
im
ius
 de
jea
ni;
 *E
lat
er
ida
e s
pp
. (
Ne
w 
Ze
ala
nd
, U
SA
)
1-
6, 
1-
7
Ex
Ca
sa
ri &
 Be
llu
sci
, 1
99
6; 
Ca
sa
ri &
 Bi
ffi
, 2
01
2; 
Ca
sa
ri &
 Co
sta
, 1
99
8; 
Ca
sa
ri-
Ch
en
, 1
98
6; 
Ro
sa
 et
 al
., 2
01
0, 
20
19
; *
or
ig.
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Eu
cn
em
ida
e
De
lto
m
eto
pu
s r
uf
ipe
s; 
Di
rrh
ag
of
ar
su
s l
ew
isi
; F
or
na
x s
p. 
(B
ra
zil
); 
Hy
lis
 fo
ve
ico
llis
; 
Xy
lop
hil
us
 ot
ho
ide
s
1-
8
Ex
Bu
ra
ko
ws
ki 
& 
Bu
ch
ho
lz,
 19
91
; C
os
ta
 et
 al
., 1
98
8; 
Fo
rd
 &
 Sp
ilm
an
, 1
97
9; 
M
os
he
r, 1
91
9; 
Te
ixe
ira
 &
 Ca
sa
ri-
Ch
en
, 1
99
4
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Ib
er
ob
ae
nii
da
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
La
m
py
rid
ae
As
pis
om
a f
en
es
tra
ta
 sp
. (
Br
az
il)
; B
ice
llo
ny
ch
a s
p. 
(B
ra
zil
); 
La
m
pr
oh
iza
 sp
len
did
ula
; 
La
m
py
ris
 no
cti
luc
a; 
*L
uc
ido
ta
 at
ra
; P
sil
oc
lad
us
 co
sta
e; 
Py
ra
cto
m
en
a b
or
ea
lis
, 
P. n
igr
ipe
nn
is;
 Py
ro
py
ga
 ni
gr
ica
ns
; *
*S
ten
oc
lad
ius
 yo
sh
ika
wa
i; *
La
m
py
rid
ae
 sp
. (
US
A)
1-
7, 
1-
8, 
2-
7
Ex
Ar
ch
an
ge
lsk
y, 
20
04
a, 
20
10
; A
rch
an
ge
lsk
y &
 Br
an
ha
m
, 1
99
8, 
20
01
; 
Br
an
ha
m
 &
 Ar
ch
an
ge
lsk
y, 
20
00
; C
os
ta
 et
 al
., 1
98
8; 
No
vá
k, 
20
17
, 2
01
8; 
Va
z 
et 
al.
, 2
02
0; 
*o
rig
.; *
*It
su
ro
 Ka
wa
sh
im
a, 
in 
lit
ter
is 
to
 AF
N 
25
 Ja
nu
ar
y 2
02
0
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Ly
cid
ae
Ma
cro
lyg
ist
op
ter
us
 su
bp
ar
all
elu
s; 
Pla
ter
os
 flo
ra
lis
1-
8
Ex
Co
sta
 &
 Va
nin
, 2
01
2; 
M
ille
r, 1
99
7
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Om
ali
sid
ae
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Om
et
hid
ae
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Ph
en
go
did
ae
Ph
rix
ot
hr
ix 
hir
tu
s
1-
8
Ex
Co
sta
 et
 al
., 1
99
9a
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Rh
ag
op
ht
ha
lm
ida
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Te
leg
eu
sid
ae
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Ela
te
ro
ide
a
Th
ro
sci
da
e
Po
lyp
ha
ga
Ela
te
rif
or
m
ia
Rh
ino
rh
ipo
ide
a
Rh
ino
rh
ipi
da
e
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Be
loh
ini
da
e
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Di
ph
yll
os
to
m
at
ida
e
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Ge
ot
ru
pid
ae
*O
do
nt
ae
us
 da
rli
ng
to
ni
1-
2?
Ex
*o
rig
.
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Gl
ap
hy
rid
ae
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Gl
ar
es
ida
e
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Hy
bo
so
rid
ae
Ce
ra
to
ca
nt
hu
s r
elu
ce
ns
; C
yp
ho
pis
th
es
 de
sca
rp
en
tri
es
i; *
Ce
ra
to
ca
nt
hin
ae
 sp
. (
Pa
na
m
a)
1-
4, 
2-
4
Ex
Gr
eb
en
nik
ov
 et
 al
., 2
00
2; 
M
or
ón
 &
 Ar
ce
, 2
00
3; 
*o
rig
.
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Lu
ca
nid
ae
*A
es
alu
s u
lan
ov
sk
yi;
 Ca
sig
ne
tu
s s
pp
.; *
La
m
pr
im
a s
p. 
(A
us
tra
lia
); 
Py
cn
os
iph
or
us
 sp
p.;
 
Sc
ler
os
to
mu
s c
uc
ull
at
us
1-
3?
, 1
-4
, 
1-
5?
Ex
Ce
ka
lov
ic 
19
82
; C
ek
alo
vic
 &
 W
eig
er
t, 
19
74
; M
oli
no
-O
lm
ed
o, 
20
04
a, 
b, 
20
07
a, 
b;
 Pa
uli
an
, 1
94
1; 
Sil
va
 &
 G
ro
ssi
, 2
01
5; 
*o
rig
.
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Oc
ho
da
eid
ae
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Pa
ssa
lid
ae
Pa
ssa
lus
 pu
nc
tig
er;
 Ve
tu
riu
s i
m
pr
es
su
s; 
*P
as
sa
lid
ae
 sp
p. 
(M
ex
ico
, P
an
am
a)
1-
4, 
1-
5
Ex
Co
sta
 &
 Fo
ns
ec
a, 
19
86
; P
au
lia
n,
 19
41
; S
ala
za
r-N
iño
 &
 Se
rrã
o, 
20
15
; *
or
ig.
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Ple
oc
om
ida
e
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Sc
ar
ab
ae
ida
e
Ae
gid
ium
 cr
ibr
at
um
; A
eg
op
sis
 sp
p.;
 An
cy
lon
yc
ha
 m
ind
an
ao
na
; A
no
m
ala
 ci
nc
ta
, 
A.
 te
sta
ce
ipe
nn
is;
 Ar
ch
ed
inu
s r
eli
ctu
s; 
Ch
lor
ot
a p
au
lis
ta
na
; C
hr
ys
op
ho
ra
 ch
ry
so
ch
lor
a; 
Co
elo
sis
 bi
lob
a; 
Co
pr
is 
div
ers
us
, C
. in
ce
rtu
s; 
Co
sci
no
ce
ph
alu
s t
ep
eh
ua
nu
s; 
Cy
clo
ce
ph
ala
 
ce
lat
a, 
C. 
sig
na
tic
oll
is,
 C.
 tu
cu
m
an
a; 
Ple
ctr
is 
br
ev
ita
rsi
s  (
as
 D
em
od
em
a)
; D
yn
as
tes
 hy
llu
s, 
D. 
ne
pt
un
us
; D
ys
cin
etu
s d
ub
ius
; E
up
ho
ria
 ba
sa
lis
; G
en
iat
es
 ba
rb
at
us
, G
. b
or
ell
i; G
olo
fa
1-
3, 
1-
4, 
1-
5, 
1-
6, 
1-
7?
Ex
Al
be
rto
ni 
et 
al.
, 2
01
4a
, 2
01
4b
; A
rg
ue
z e
t a
l., 
20
17
; B
ar
be
ro
 &
 Pa
les
tri
ni,
 
19
92
; B
ar
be
ro
 et
 al
., 2
00
0; 
Bö
vin
g, 
19
45
; C
ar
va
lh
o e
t a
l., 
20
19
; C
os
ta
 
et 
al.
, 1
98
8; 
Fu
hr
m
an
n,
 20
13
; F
uh
rm
an
n e
t a
l., 
20
19
; Ib
ar
ra
-P
ole
se
l e
t a
l., 
20
17
a, 
b;
 Ja
ng
 &
 Ki
m
, 2
01
9; 
M
icó
 et
 al
., 2
00
3; 
M
or
ell
i, 1
99
0, 
19
92
, 1
99
6; 
M
or
ón
, 1
98
7, 
19
91
, 1
99
3, 
19
95
a, 
b;
 M
or
ón
 &
 Ar
ce
, 2
00
3; 
M
or
ón
 &
Newton, A.F.: Abdominal spiracles in beetle pupae Pap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
9/27
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
piz
ar
ro,
 G.
 pu
sil
la,
 G.
 sp
p.;
 H
em
iph
ile
ur
us
 el
bit
ae
; H
ete
ro
go
m
ph
us
 di
lat
ico
llis
; 
Ho
m
op
hil
eu
ru
s l
ue
de
rw
ald
ti,
 H
. tr
icu
sp
is;
 H
om
on
yx
 ch
alc
ea
; H
op
lop
yg
a b
ra
sil
ien
sis
; 
Inc
a s
pp
.; I
so
ny
ch
us
 sp
. (
Br
az
il)
; L
ag
oc
hil
e e
m
ar
gin
at
a; 
Lig
yru
s n
as
ut
us
; L
iog
en
ys
 
bid
en
tic
ep
s; 
Ly
co
m
ed
es
 hi
rti
pe
s; 
Ma
cra
sp
is 
cin
cta
, M
. s
pp
.; M
ala
go
nie
lla
 ar
ge
nt
ina
, 
M.
 m
ag
nif
ica
, M
. p
un
cti
co
llis
; M
eg
as
om
a e
lap
ha
s; 
Ne
oc
or
vic
oa
na
 re
tic
ula
ta
; P
ar
ae
gid
ium
 
co
sta
lim
ai;
 Pa
ra
he
ter
os
ter
nu
s l
ue
de
ck
ei;
 Pe
nt
od
on
 qu
ad
rid
en
s; 
Ph
ile
ur
us
 sp
p.;
 Pl
at
yc
oe
lia
 
va
lid
a; 
Pla
ty
ph
ile
ur
us
 fe
lsc
he
an
us
; P
od
isc
hn
us
 ag
en
or
; S
ca
ra
ba
eu
s s
tri
at
us
; S
tra
teg
us
 
fa
sci
nu
s; 
Tri
op
lus
 cy
lin
dr
icu
s; 
*S
er
ici
ni 
sp
. (
Pa
na
m
a)
; S
ca
ra
ba
eid
ae
 sp
p.
1-
3, 
1-
4, 
1-
5, 
1-
6, 
1-
7?
Ex
No
gu
eir
a, 
20
00
; M
or
ón
 &
 Pa
rd
o-
Lo
ca
rn
o, 
19
94
; M
or
ón
 &
 Pa
uc
ar
-C
ab
re
ra
, 
20
03
; M
or
ón
 &
 Ra
tcl
iff
e, 
19
97
; M
or
ón
 &
 Sa
lva
do
ri,
 20
06
; N
eit
a-
M
or
en
o 
& 
M
or
ón
, 2
01
7; 
Ne
ita
-M
or
en
o &
 O
ro
zc
o, 
20
09
; N
eit
a-
M
or
en
o &
 
Ra
tcl
iff
e, 
20
09
, 2
01
0, 
20
11
; N
eit
a-
M
or
en
o &
 Ye
pe
s, 
20
11
; N
eit
a-
M
or
en
o 
et 
al.
, 2
01
4; 
On
or
e &
 M
or
ón
, 2
00
4; 
Pa
les
tri
ni 
& 
Ba
rb
er
o, 
19
92
, 1
99
5; 
Pa
rd
o-
Lo
ca
rn
o &
 M
or
ón
, 2
00
6, 
20
07
; P
ar
do
-L
oc
ar
no
 et
 al
., 2
00
6; 
Ra
m
íre
z-
Sa
lin
as
 et
 al
., 2
00
1, 
20
10
; R
at
cli
ffe
 &
 M
or
ón
, 2
00
5; 
Ro
dr
igu
es
 et
 al
., 2
01
6, 
20
17
a, 
b;
 Sc
ho
ltz
 et
 al
., 2
00
4; 
So
us
a &
 Fu
hr
m
an
n,
 20
20
; S
ou
sa
 et
 al
., 
20
18
; S
ou
za
 et
 al
., 2
01
4; 
Va
nin
 &
 Co
sta
, 1
98
0, 
19
84
; V
an
in 
et 
al.
, 1
98
3; 
*o
rig
. N
ot
e: 
1-
7 o
pe
n i
n P
lec
tri
s, 
tes
te 
M
or
ón
 &
 Sa
lva
do
ri,
 20
06
 (b
ut
 1-
4 
ar
e m
uc
h l
ar
ge
r t
ha
n 5
-7
)
Po
lyp
ha
ga
Sc
ar
ab
ae
ifo
rm
ia
Sc
ar
ab
ae
oid
ea
Tro
gid
ae
Om
or
gu
s p
ro
ce
ru
s (
as
 Tr
ox
)
1-
4
Ex
Ro
ffe
y, 
19
58
Po
lyp
ha
ga
Sc
irt
ifo
rm
ia
Sc
irt
oid
ea
Cla
m
bid
ae
*C
lam
bu
s s
p. 
(P
an
am
a)
1-
5
Ob
*o
rig
.
Po
lyp
ha
ga
Sc
irt
ifo
rm
ia
Sc
irt
oid
ea
De
cli
nii
da
e
Po
lyp
ha
ga
Sc
irt
ifo
rm
ia
Sc
irt
oid
ea
Eu
cin
et
ida
e
*E
uc
ine
tu
s m
or
io 
sp
.; *
Ny
cte
us
 in
fu
m
at
us
 (a
s E
uc
ine
tu
s)
1-
6
Ex
Le
sch
en
, 2
01
6; 
*o
rig
.
Po
lyp
ha
ga
Sc
irt
ifo
rm
ia
Sc
irt
oid
ea
Sc
irt
ida
e
*C
yp
ho
n s
p. 
(U
SA
?);
 El
od
es
 m
inu
ta
, E
. tr
icu
sp
is;
 M
icr
oc
ar
a t
es
ta
ce
a; 
Or
a s
em
ibr
un
ne
a; 
Pr
ion
oc
yp
ho
n s
err
ico
rn
is;
 Sc
irt
es
 he
m
isp
ha
eri
cu
s
0?
, 1
-2
, 1
-4
Ex
, A
q
Jo
rg
e e
t a
l., 
20
19
; Z
wi
ck
 &
 Zw
ick
, 2
00
8; 
*o
rig
. N
ot
e: 
so
m
e s
em
iaq
ua
tic
 or
 
aq
ua
tic
, w
ith
 flo
at
ing
 pu
pa
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hi
ste
ro
ide
a
Hi
ste
rid
ae
*C
yli
sti
x s
p. 
(C
an
ad
a)
; *
Ho
lol
ep
ta
 sp
. (
Pa
na
m
a)
; M
ar
ga
rin
ot
us
 sc
ab
er;
 *O
nt
ho
ph
ilu
s 
kir
ni;
 *P
ar
ep
ier
us
 sp
. (
Ne
w 
Ze
ala
nd
); 
*P
ar
om
alu
s s
p. 
(M
ex
ico
); 
*P
lat
ylo
m
alu
s a
eq
ua
lis
; 
*P
lat
ys
om
a s
p. 
(N
ew
 Ze
ala
nd
); 
*T
ry
pa
na
eu
s q
ua
dr
ico
llis
; *
Try
pe
tic
us
 cf
. te
reb
ell
us
1-
4, 
2-
4
Ex
Ko
va
rik
, 1
99
4; 
Ko
va
rik
 &
 Ca
te
rin
o, 
20
16
; Y
us
 Ra
m
os
 &
 Co
ell
o G
ar
cía
, 2
01
0; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hi
ste
ro
ide
a
Sp
ha
er
iti
da
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hi
ste
ro
ide
a
Sy
nt
eli
ida
e
Sy
nt
eli
a h
ist
ero
ide
s
1/
2-
6?
Ex
M
am
ae
v, 
19
74
, p
lus
 in
 lit
ter
is 
to
 AF
N 
ca
. 2
00
0; 
Ne
wt
on
, 2
01
6a
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hy
dr
op
hil
oid
ea
Ep
im
et
op
ida
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hy
dr
op
hil
oid
ea
Ge
or
iss
ida
e
Ge
or
iss
us
 cr
en
ula
tu
s
0?
Ex
Ha
ns
en
, 2
00
0. 
No
te
: s
pir
ac
les
 no
t d
et
ec
te
d a
t 2
00
X
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hy
dr
op
hil
oid
ea
He
lop
ho
rid
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hy
dr
op
hil
oid
ea
Hy
dr
oc
hid
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hy
dr
op
hil
oid
ea
Hy
dr
op
hil
ida
e
Am
eto
r s
ca
br
os
us
; *
Be
ro
su
s s
p. 
(M
ex
ico
); 
Ce
rcy
on
 m
ar
iti
mu
s, 
*C
erc
yo
n s
p. 
(N
ew
 
Ze
ala
nd
); 
*C
ym
bio
dy
ta
 sp
. (C
an
ad
a)
; H
yd
ro
bio
m
or
ph
a s
pin
os
a; 
La
cco
biu
s k
un
as
hir
icu
s, 
*s
p. 
(U
SA
); 
*T
ro
pis
ter
nu
s l
at
era
lis
2-
6
Ex
Ar
ch
an
ge
lsk
y, 
19
97
; A
rch
an
ge
lsk
y e
t a
l., 
20
04
; M
ino
sh
im
a e
t a
l., 
20
17
; 
Pr
ins
, 1
98
4a
; S
pa
ng
ler
, 1
96
2b
; *
or
ig.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
Hy
dr
op
hil
oid
ea
Sp
er
ch
eid
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Ag
yr
tid
ae
Ag
yr
tin
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Ag
yr
tid
ae
Ne
cro
ph
ilin
ae
*N
ec
ro
ph
ilu
s h
yd
ro
ph
ilo
ide
s
1-
2
Ex
Bl
ais
de
ll, 
19
01
; N
ew
to
n,
 20
16
b;
 *o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Ag
yr
tid
ae
Pt
er
olo
m
at
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Hy
dr
ae
nid
ae
Hy
dr
ae
nin
ae
Hy
dr
ae
na
 *m
ar
gin
ico
llis
, H
. p
erk
ins
i
1
Ex
De
ler
-H
er
ná
nd
ez
 &
 D
elg
ad
o, 
20
17
; *
or
ig.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Hy
dr
ae
nid
ae
Oc
ht
he
bii
na
e
Oc
ht
he
biu
s c
olv
era
nu
s (
as
 O.
 ex
scu
lpt
us
)
1
Ex
Be
ier
 &
 Po
m
eis
l, 1
95
9
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Hy
dr
ae
nid
ae
Or
ch
ym
on
tii
na
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Hy
dr
ae
nid
ae
Pr
os
th
et
op
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Ja
co
bs
on
iid
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Le
iod
ida
e
Ca
m
iar
ina
e
*N
eo
pe
lat
op
s s
p. 
(A
us
tra
lia
)
1-
2
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Le
iod
ida
e
Ca
to
po
ce
rin
ae
Newton, A.F.: Abdominal spiracles in beetle pupaePap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
10/27
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Le
iod
ida
e
Ch
ole
vin
ae
An
tro
ch
ar
is 
qu
eri
lha
ci;
 Ba
th
ys
cie
lla
 je
an
ne
li; 
Cy
to
dr
om
us
 da
ps
oïd
es
; D
iap
ry
siu
s s
eru
lla
zi;
 
lse
reu
s s
pp
.; *
Pla
tyc
ho
leu
s s
p. 
(U
SA
); 
Ro
ye
rel
la 
ta
ris
sa
ni;
 Sc
iod
rep
oid
es
 w
at
so
ni;
 
Sp
eo
no
mu
s s
pp
.; T
ro
glo
dr
om
us
 bu
ch
eti
1-
2
Ex
De
leu
ra
nc
e-
Gl
aç
on
, 1
96
3; 
Kil
ian
 &
 M
ąd
ra
, 2
01
5; 
Kil
ian
 &
 N
ew
to
n,
 20
17
; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Le
iod
ida
e
Co
lon
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Le
iod
ida
e
Le
iod
ina
e
*A
nis
ot
om
a h
or
ni
1-
2
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Le
iod
ida
e
Pla
ty
ps
yll
ina
e
Le
pt
ini
llu
s v
ali
du
s; 
Le
pt
inu
s t
es
ta
ce
us
; P
lat
yp
sy
llu
s c
as
to
ris
1-
2
Ex
Isi
ng
, 1
96
9; 
W
oo
d, 
19
65
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Pt
ilii
da
e
Ce
ph
alo
ple
cti
na
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Pt
ilii
da
e
No
ssi
dii
na
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Pt
ilii
da
e
Pt
ilii
na
e
Ac
ro
tri
ch
is 
dis
co
lor
, A
. fa
sci
cu
lar
is,
 A.
 gr
an
dic
oll
is,
 A.
 sa
nc
ta
eh
ele
na
e; 
Ac
tid
ium
 
co
ar
cta
tu
m
; A
cti
no
pt
er
yx
 fu
cic
ola
; M
icr
op
til
ium
 pu
lch
ell
um
; N
ep
ha
ne
s t
ita
n; 
Pt
en
idi
um
 
pu
sil
lum
; P
til
iol
um
 fu
scu
m
; P
ter
yx
 su
tu
ra
lis
; P
tin
ell
a d
en
tic
oll
is,
 *P
. te
ne
lla
; *
Pt
ilii
da
e s
p. 
(M
ex
ico
)
1, 
0
Ob
Co
sta
 et
 al
., 1
98
8; 
De
 M
ar
zo
, 1
99
6, 
20
12
; H
int
on
, 1
94
1c
; J
ało
sz
yń
sk
i, 
20
15
; *
or
ig.
 N
ot
e: 
sin
gle
 pa
ir s
pir
ac
les
 pr
es
en
t o
n m
et
an
ot
um
 ne
ar
 su
tu
re
 
wi
th
 ab
do
m
ina
l t
er
gu
m
 1,
 pr
es
um
ed
 to
 be
 m
igr
at
ed
 sp
ira
cle
s o
f t
er
gu
m
 
1 (
De
 M
ar
zo
, 2
01
2; 
Hi
nt
on
, 1
94
1c
); 
no
 sp
ira
cle
s f
ou
nd
 by
 D
e M
ar
zo
 (2
01
2)
 
in 
Ac
tid
ium
 co
ar
cta
tu
m
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Sil
ph
ida
e
Ni
cro
ph
or
ina
e
Ni
cro
ph
or
us
 hu
m
at
or,
 N
. in
ve
sti
ga
to
r, *
N.
 ve
sp
illo
, N
. v
es
pil
loi
de
s
1-
4
Ex
Rů
žič
ka
, 1
99
2; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
Sil
ph
ida
e
Sil
ph
ina
e
Ac
lyp
ea
 op
ac
a (
as
 Bl
ito
ph
ag
a)
; O
xe
lyt
ru
m
 di
sci
co
lle
; *
Ne
cro
ph
ila
 am
eri
ca
na
; 
*O
ice
op
to
m
a n
ov
eb
or
ac
en
sis
; T
ha
na
to
ph
ilu
s m
ica
ns
 (a
s S
ilp
ha
), 
T. 
sin
ua
tu
s
1-
4
Ex
Bl
un
ck
 &
 Ja
nis
ch
, 1
92
5; 
Co
sta
 et
 al
., 1
98
8; 
Ja
ku
be
c e
t a
l., 
20
19
; P
rin
s, 
19
84
a; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Al
eo
ch
ar
ina
e: 
Ho
m
alo
tin
i
Ph
an
ero
ta
 fa
sci
at
a
1-
2
Ex
As
he
, 1
98
1
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Al
eo
ch
ar
ina
e: 
Lo
m
ec
hu
sin
i
Pe
lla
 la
tic
oll
is
1-
2
Ex
St
an
iec
 et
 al
., 2
00
9a
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Al
eo
ch
ar
ina
e: 
Ox
yp
od
ini
Ha
plo
glo
ssa
 pi
cip
en
nis
1-
2
Ex
St
an
iec
 et
 al
., 2
01
0
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ap
at
et
ici
na
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Da
sy
ce
rin
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Em
pe
lin
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Eu
ae
sth
et
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Gl
yp
ho
lom
at
ina
e
Gl
yp
ho
lom
a p
us
tu
life
ru
m
1-
3
Ex
Th
ay
er,
 20
00
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ha
br
oc
er
ina
e
*”
Ha
br
oc
eru
s” 
m
ag
nu
s (
no
t t
ru
e H
ab
ro
ce
ru
s]
1-
4
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Le
pt
ot
yp
hl
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
M
eg
alo
ps
idi
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
M
icr
op
ep
lin
ae
Mi
cro
pe
plu
s f
ulv
us
1-
2?
Ex
Hi
nt
on
 &
 St
ep
he
ns
, 1
94
1
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
M
icr
os
ilp
hin
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ne
op
ho
nin
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ol
ist
ha
er
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Om
ali
ina
e: 
An
th
op
ha
gin
i
*B
ra
th
inu
s n
iti
du
s; 
*M
icr
oe
du
s a
us
tin
ian
us
1-
3
Ex
Th
ay
er,
 19
85
; *
or
ig.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Om
ali
ina
e: 
Om
ali
ini
*M
icr
aly
m
m
a m
ar
inu
m
; *
*O
m
ali
om
im
us
 n.
 sp
.; O
m
ali
op
sis
 ar
en
ar
ia 
(a
s O
m
ali
um
); 
*P
ar
ap
hlo
eo
sti
ba
 ga
yn
da
he
ns
is
1-
3
Ex
Pr
ins
, 1
98
4a
; *
or
ig.
; *
*M
ar
ga
re
t T
ha
ye
r, i
n l
itt
eri
s t
o A
FN
 11
 N
ov
em
be
r 
20
19
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Os
or
iin
ae
: L
ep
to
ch
iri
ni
*P
rio
ch
iru
s s
p. 
(M
ex
ico
)
1-
2
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Os
or
iin
ae
: O
so
rii
ni
*H
olo
tro
ch
us
 sp
. (
Pa
na
m
a)
; *
Os
or
ius
 sp
. (
M
ex
ico
)
1-
4
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Os
or
iin
ae
: T
ho
ra
co
ph
or
ini
*L
isp
inu
s s
p. 
(P
an
am
a)
; *
Na
ca
eu
s s
p. 
(P
an
am
a)
; T
ho
ra
co
ph
or
us
 co
rti
cin
us
, *
T. 
co
sta
lis
1-
2
Ex
Bu
ra
ko
ws
ki 
& 
Ne
wt
on
, 1
99
2; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ox
yp
or
ina
e
Ox
yp
or
us
 fe
m
or
ali
s, 
*O
. le
pid
us
, *
O.
 ru
fip
en
nis
, O
. s
tyg
icu
s, 
O. 
vit
ta
tu
s
1-
4
Ex
Ha
nl
ey
 &
 G
oo
dr
ich
, 1
99
4; 
Le
sch
en
 &
 Al
len
, 1
98
8; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ox
yt
eli
na
e: 
Bl
ed
iin
i
Ble
diu
s a
tri
ca
pil
lus
, B
. n
an
us
, 1
7 o
th
er
 sp
p.
1, 
1-
2
Ex
St
an
iec
, 1
99
8a
, 1
99
8b
, 2
00
1a
Newton, A.F.: Abdominal spiracles in beetle pupae Pap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
11/27
Su
bo
rd
er
Se
rie
s
Su
pe
rf
am
ily
Fa
m
ily
Su
bf
am
ily
: T
rib
e
Ta
xo
n/
Ta
xa
FA
SP
Ty
pe
So
ur
ce
s, 
No
te
s
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ox
yt
eli
na
e: 
Ox
yt
eli
ni
An
ot
ylu
s c
af
fer
 (a
s O
xy
tel
us
); 
Ox
yte
lus
 pi
ce
us
; P
lat
ys
tet
hu
s a
lut
ac
eu
s, 
P. a
ren
ar
ius
, 
P. c
or
nu
tu
s, 
P. n
ite
ns
1-
4, 
1-
3
Ex
Pr
ins
, 1
98
4a
; S
ta
nie
c, 
19
93
, 1
99
5, 
19
97
, 2
00
3b
, 2
00
3c
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ox
yt
eli
na
e: 
Th
ino
bii
ni
Ap
lod
eru
s c
ae
lat
us
1-
4
Ex
St
an
iec
, 1
99
7
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Pa
ed
er
ina
e: 
La
th
ro
bii
ni
La
th
ro
biu
m
 br
un
nip
es
, L
. fo
vu
lum
, L
. v
olg
en
se
; L
ob
ra
th
ium
 em
ar
gin
at
um
; *
Me
do
nin
a s
p. 
(M
ex
ico
); 
Te
ta
rto
pe
us
 te
rm
ina
tu
s; 
Ru
gil
us
 ru
fip
es
1-
4
Ex
Sm
ole
ńs
ki,
 19
95
, 1
99
7; 
Ve
rh
oe
ff,
 19
18
; W
at
ro
us
, 1
98
1; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Pa
ed
er
ina
e: 
Pa
ed
er
ini
*B
ar
yo
ps
is 
ar
au
ca
na
; *
Ho
m
ae
ot
ar
su
s s
p. 
(P
an
am
a)
; *
*M
on
oc
ry
pt
a s
p. 
(Ta
iw
an
); 
Oc
ht
he
ph
ilu
m
 fr
ac
tic
or
ne
; P
ae
de
ru
s a
lfie
rii
, P.
 rip
ar
ius
1-
4
Ex
Ah
m
ed
, 1
95
7; 
Sm
ole
ńs
ki,
 19
95
; *
or
ig.
; *
*F
an
g-
Sh
uo
 H
u, 
in 
lit
ter
is 
to
 AF
N 
11
 O
cto
be
r 2
01
9
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ph
loe
oc
ha
rin
ae
*C
ha
rh
yp
hu
s p
ici
pe
nn
is
1-
3
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Pie
sti
na
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Pr
ot
ein
ina
e: 
Pr
ot
ein
ini
*M
eg
ar
th
ru
s s
p. 
(U
SA
)
1-
3
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Pr
ot
op
se
lap
hin
ae
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ps
ela
ph
ina
e: 
Tri
ch
on
yc
hin
i
*B
ibl
op
or
us
 bi
co
lor
; *
Ple
cto
ph
loe
us
 fis
ch
eri
1-
3
Ex
Be
su
ch
et
, 1
95
6b
; *
or
ig.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ps
eu
do
ps
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Sc
ap
hid
iin
ae
: S
ca
ph
idi
ini
*S
ca
ph
idi
um
 sp
. (
M
ex
ico
)
1-
3
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Sc
ap
hid
iin
ae
: S
ca
ph
iso
m
at
ini
*B
ae
oc
era
 cf
. p
ice
a; 
*S
ca
ph
idi
um
 sp
. (
M
ex
ico
); 
*S
ca
ph
iso
m
a a
m
eri
ca
nu
m
, S
. c
om
mu
ne
 
(a
s c
as
ta
ne
um
), 
S. 
ter
m
ina
tu
m
1-
3
Ex
As
he
, 1
98
4; 
Ha
nl
ey
, 1
99
6; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Sc
yd
m
ae
nin
ae
: M
as
tig
ini
Pa
lae
os
tig
us
 pi
life
r (
as
 M
as
tig
us
)
2-
3?
Ex
De
 M
ar
zo
, 1
98
4
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Sc
yd
m
ae
nin
ae
: S
cy
dm
ae
nin
i
Sc
yd
m
ae
nu
s t
ar
sa
tu
s
1-
3?
Ex
Ja
łos
zy
ńs
ki,
 20
12
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
So
lie
rii
na
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
St
ap
hy
lin
ina
e: 
Di
oc
hin
i
*D
ioc
hu
s s
ch
au
m
ii, 
*D
. s
p. 
(M
ex
ico
)
1-
4
Ob
Fra
nia
, 1
99
2; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
St
ap
hy
lin
ina
e: 
Ot
hii
ni
*A
tre
cu
s s
p. 
(U
SA
); 
Ot
hiu
s f
ulv
ipe
nn
is
1-
4
Ob
Ve
rh
oe
ff,
 19
18
; *
or
ig.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
St
ap
hy
lin
ina
e: 
St
ap
hy
lin
ini
Ac
ylo
ph
or
us
 w
ag
en
sch
ieb
eri
; A
str
ap
ae
us
 ul
m
i; A
ta
ny
gn
at
hu
s t
erm
ina
lis
; B
elo
nu
ch
us
 
ru
fip
en
nis
; B
isn
ius
 fim
eta
riu
s, 
B. 
nit
idu
lus
; *
*B
oli
to
gy
ru
s r
uf
om
ac
ula
tu
s; 
Cre
op
hil
us
 
m
ax
illo
su
s; 
Em
us
 hi
rtu
s; 
Eri
ch
so
niu
s a
lum
nu
s, 
E. 
cin
era
sce
ns
; G
ab
riu
s a
pp
en
dic
ula
tu
s, 
G.
 as
tu
tu
s, 
G.
 os
se
tic
us
, G
. s
ple
nd
idu
lus
; *
Gl
en
us
 flo
hr
i; H
es
pe
ru
s r
uf
ipe
nn
is;
 H
ete
ro
th
op
s 
nig
er;
 N
eo
bis
niu
s s
ob
rin
us
, N
. v
illo
su
lus
; O
cy
pu
s f
ulv
ipe
nn
is,
 O.
 ni
ten
s, 
O. 
ole
ns
; 
On
th
ole
ste
s m
ur
inu
s; 
Qu
ed
ion
uc
hu
s p
lag
iat
us
; Q
ue
diu
s b
rev
ico
rn
is,
 Q.
 br
ev
is,
 Q.
 ci
nc
tu
s, 
Q. 
cru
en
tu
s, 
Q. 
cu
rti
pe
nn
is,
 Q.
 fu
lig
ino
su
s, 
Q.
 fu
m
at
us
, Q
. h
um
era
lis
, Q
. la
ev
iga
tu
s, 
Q. 
m
es
om
eli
nu
s, 
Q.
 m
icr
op
s, 
Q.
 sp
ela
eu
s, 
Q. 
sp
p.,
 *Q
. s
p. 
(U
SA
); 
Ph
ilo
nt
hu
s a
lbi
pe
s, 
P. a
tra
tu
s, 
P. c
ae
ru
lei
pe
nn
is,
 P. 
ca
rb
on
ar
ius
, P.
 co
rv
inu
s, 
P. d
eb
ilis
, P.
 de
co
ru
s, 
P. f
um
ar
ius
, 
P. f
us
cip
en
nis
, P.
 le
pid
us
, P.
 lo
ng
ico
rn
is,
 P. 
m
ica
ns
, P.
 m
iso
r, P
. n
at
ale
ns
is,
 P. 
nig
rit
a, 
P. n
iti
du
s, 
P. p
oli
tu
s, 
P. p
un
ctu
s, 
P. q
uis
qu
ilia
riu
s, 
P. r
ec
ta
ng
ulu
s, 
P. r
ub
rip
en
nis
, P.
 se
ric
an
s, 
P. s
uc
cic
ola
, P.
 te
nu
ico
rn
is,
 P. 
um
br
at
ilis
, P.
 va
ria
ns
, P.
 sp
p.;
 Pl
at
yd
ra
cu
s c
inn
am
op
ter
us
, 
P. t
om
en
to
su
s, 
*P
. v
iol
ac
eu
s, 
P. 
sp
. (
So
ut
h A
fri
ca
); 
Ra
big
us
 te
nu
is;
 Re
mu
s s
eri
ce
us
; 
Sta
ph
yli
nu
s e
ry
th
ro
pt
eru
s; 
Ta
sg
ius
 m
ela
na
riu
s
1-
4
Ob
Ke
m
ne
r, 1
91
2; 
Le
Sa
ge
, 1
97
7; 
M
an
k, 
19
23
; M
os
ele
y e
t a
l., 
20
06
; O
rth
 et
 al
., 
19
76
; O
ut
er
elo
, 1
97
8; 
Pa
uli
an
, 1
94
1; 
Pie
try
ko
ws
ka
-Tu
dr
uj 
& 
St
an
iec
, 
20
06
b, 
c, 
20
07
, 2
01
0, 
20
11
, 2
01
2; 
Pie
try
ko
ws
ka
-Tu
dr
uj 
et 
al.
, 2
01
4a
, b
; 
Pr
ins
, 1
98
4a
; S
aa
las
, 1
91
7; 
Sc
hm
idt
, 1
99
4a
, b
, 1
99
6; 
St
an
iec
, 1
99
6, 
19
99
a, 
b, 
20
01
b, 
20
02
, 2
00
3a
, d
, 2
00
4a
, b
, 2
00
5a
, b
; S
ta
nie
c &
 Ki
to
ws
ki,
 
20
04
; S
ta
nie
c &
 Pi
et
ry
ko
ws
ka
, 2
00
5a
, b
; S
ta
nie
c &
 Pi
et
ry
ko
ws
ka
-Tu
dr
uj,
 
20
07
, 2
00
8a
, b
, 2
00
9, 
20
19
; S
ta
nie
c e
t a
l., 
20
09
b;
 Sz
uje
ck
i, 1
96
5; 
Ta
wf
ik 
et 
al.
, 1
98
0; 
Ve
rh
oe
ff,
 19
18
, 1
92
0; 
*o
rig
.; *
*F
an
g-
Sh
uo
 H
u, 
in 
lit
ter
is 
to
 
AF
N 
11
 O
cto
be
r 2
01
9
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
St
ap
hy
lin
ina
e: 
Xa
nt
ho
lin
ini
Gy
ro
hy
pn
us
 fr
ac
tic
or
nis
; H
yp
no
gy
ra
 an
gu
lar
is;
 *N
ud
ob
ius
 ce
ph
alu
s; 
Xa
nt
ho
lin
us
 sp
p. 
(E
ur
op
e, 
So
ut
h A
fri
ca
)
1-
4
Ob
Pie
try
ko
ws
ka
-Tu
dr
uj 
& 
St
an
iec
, 2
00
6a
; P
rin
s, 
19
84
a; 
St
an
iec
 &
 
Pie
try
ko
ws
ka
, 2
00
5b
; V
er
ho
eff
, 1
92
0; 
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
St
en
ina
e
*S
ten
us
 sp
. (C
an
ad
a?
)
1-
4
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ta
ch
yp
or
ina
e: 
M
yc
et
op
or
ini
*M
yc
et
op
or
ini
 sp
. (
US
A)
1-
4
Ex
*o
rig
.
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Ta
ch
yp
or
ina
e: 
Ta
ch
yp
or
ini
*C
op
ro
po
ru
s v
en
tri
cu
lus
; *
Se
pe
do
ph
ilu
s s
pp
. (
US
A)
; *
Ta
ch
ino
m
or
ph
us
 gr
an
dis
; T
ac
hin
us
 
lur
idu
s (
as
 fla
vip
en
nis
), 
T. 
su
bt
err
an
eu
s
1-
4, 
1-
3, 
1-
3 +
 8?
Ex
Hi
nt
on
, 1
94
1a
; M
an
k, 
19
23
; *
or
ig.
 N
ot
e: 
sp
ira
cle
s o
n 8
 re
po
rte
d i
n 
Ta
ch
inu
s (
Hi
nt
on
, 1
94
1a
) n
ee
ds
 co
nf
irm
at
ion
 of
 fu
nc
tio
na
lit
y
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Tri
ch
op
hy
ina
e
Po
lyp
ha
ga
St
ap
hy
lin
ifo
rm
ia
St
ap
hy
lin
oid
ea
St
ap
hy
lin
ida
e
Tri
go
nu
rin
ae
*T
rig
on
ur
us
 cr
ot
ch
ii
1-
3
Ex
*o
rig
.
Newton, A.F.: Abdominal spiracles in beetle pupaePap. Avulsos Zool., 2020; v.60.special-issue: e202060(s.i.).36
12/27
nection (Hinton, 1949, and the surveyed literature and 
examined pupae). This is in contrast to the often com-
plex and diverse structures of spiracular openings in bee-
tle larvae (e.g., Lawrence, 1991). However, no attempt to 
record details about the structure of pupal spiracles was 
made in the current survey, nor was any attempt made 
to record the functionality of the mesothoracic spiracles, 
which are normally difficult to see in pupae and seldom 
described or figured. Furthermore, information about 
the functional abdominal spiracles of the correspond-
ing adults and larvae of the surveyed pupae would be 
invaluable, but was generally not available in the case of 
most published pupal descriptions or many of the stud-
ied pupae, and no attempt was made to include such 
data in Table 1.
The classification of Coleoptera used here (Table  1) 
is adapted from Bouchard et  al. (2011) as updated by 
Lawrence (2016), but includes a few more recent chang-
es. Any general discussion below about phylogenetic 
relationships of various groups of beetles is done in the 
context of this classification plus recent phylogenet-
ic studies, most notably the morphological phylogeny 
of Coleoptera in Lawrence et  al. (2011) and especial-
ly the molecular analyses of McKenna et  al. (2015a) for 
Staphyliniformia and Scarabaeoidea and McKenna et al. 
(2015b, 2019) for Coleoptera as a whole, which generally 
support the monophyly of most of the listed suborders, 
series and superfamilies.
RESULTS
The results of this survey are summarized in Table 1 
at the family level only, except that for the focus group 
Staphylinoidea, where the available information is 
more complete, subfamilies are also listed, and in 
Staphylinidae also tribes of some of the larger subfam-
ilies when the pupal character could be determined. All 
taxa are listed alphabetically, from suborder to cited gen-
era and species. Out of more than 840 publications in-
cluding descriptions and/or figures of beetle pupae that 
were consulted, only about a third included explicit in-
formation about the distribution of functional spiracles, 
and these publications were concentrated in the six large 
families Staphylinidae, Scarabaeidae, Tenebrionidae, 
Cerambycidae, Chrysomelidae, and Curculionidae, 
where the indication of this characteristic has generally 
become a standard part of modern pupal descriptions. 
Original unpublished information based on my direct ex-
amination of more than 100 different available pupae is 
also included (taxa indicated with an asterisk in Table 1), 
to help confirm or expand on published information, and 
a few in litteris comments from others are added (indicat-
ed with a double asterisk and the name of the source).
All 195 modern beetle families are listed in Table  1, 
regardless of whether it was possible to determine the 
distribution of functional abdominal spiracles in pupae, 
in order to highlight the large gaps in knowledge of this 
character in Coleoptera. Pupae of perhaps two-thirds of 
those 195 families have been discovered and described 
in some way, but evidence for the distribution of func-
tional abdominal spiracles in pupae could be found for 
only 93 of them, or 48%, in this survey. This does include 
at least one member of all modern suborders, series and 
superfamilies, with the exception of the small group 
Derodontiformia (two superfamilies if Nosodendridae 
is placed in its own superfamily Nosodendroidea, as in 
McKenna et al., 2019), but in some groups like the sub-
order Archostemata and the polyphagan superfamilies 
Cleroidea, Coccinelloidea and Cucujoidea the gaps at 
the family level are obviously large. However, this sample 
is enough to highlight some apparent general patterns 
and conclusions, which hopefully can be tested with fur-
ther discoveries and with confirmation or correction of 
some of the questionable entries in Table 1.
As Hinton (e.g., 1946a, 1947, 1966) has already dis-
cussed extensively, beetle pupae and their correspond-
ing larvae that are aquatic or inhabit periaquatic habitats, 
or that pupate in situations where periodic inundation is 
likely, generally have strong reductions in the number of 
functional spiracles, or other profound respiratory modi-
fications such as the development of spiracular gills (e.g., 
in Myxophaga, see Reichardt & Hinton, 1976) or snorkels 
(within Scirtidae, see Jorge et al., 2019). Indeed, Hinton 
(1955b, 1966) argued that the variation in the distribution 
and nature of pupal spiracles and respiration in the sin-
gle small aquatic family Psephenidae, or water pennies, 
probably exceeds the variation in the rest of Coleoptera. 
A thorough review focused on these modifications and 
specializations in non-terrestrial beetle groups would be 
a worthy objective on its own, but is beyond the scope of 
the present study.
Here the focus is more on the pattern of functional 
spiracles in pupae that can be broadly considered ter-
restrial, a habitat that characterizes the vast majority of 
beetle families and higher groups. These beetles pupate 
in situations not likely to be flooded, such as in protect-
ed shelters under bark or in soil, sometimes in specially 
constructed cocoons but often in simple excavated cells 
(or pupal chambers), but some (e.g., within Coccinellidae 
and Chrysomelidae) also pupate in exposed situations 
such as attached to vegetation. The following Discussion 
explores in more detail some attributes of these terres-
trial pupae, particularly the distribution of obtect pupae 
and the number and distribution of functional abdomi-
nal spiracles across the order.
DISCUSSION
As discussed by Hinton (1946a, 1949), one might ex-
pect that exposed pupae would be obtect, to provide 
better protection against desiccation or predation, and in 
fact this appears to be the case for the exposed pupae of 
Coccinellidae and Chrysomelidae. However (see Table 1), 
obtect pupae also occur in some groups that pupate in 
protected situations but are very small, and thus possibly 
more subject to desiccation (e.g., Ptiliidae, Clambidae, 
and Corylophidae, where the average pupal size is about 
1 mm). However, not all very small beetle pupae are ob-
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tect, e.g., pupae of Hydraenidae, Sphindidae and Ciidae 
are also in the 1-2 mm size range but are exarate. More 
surprisingly, all of the many known pupae of the staphyl-
inid subfamily Staphylininae are also obtect (Table  1). 
Staphylinine species are not small (known pupae range 
from 3-18 mm or larger), nor do they pupate in exposed 
situations, so an explanation in this case is not obvious 
(Hinton, 1946a, 1949). All of these multiple cases of ob-
tect pupae in Coleoptera appear to be independent-
ly derived from exarate pupae, which are presumed to 
represent the ancestral condition in Coleoptera (Hinton, 
1949). In the case of Staphylininae, this derivation of 
obtect from exarate pupae is obvious for two reasons: 
(1) this subfamily is nested high within the known phy-
logenetic tree of Staphylinidae (see, e.g., Grebennikov 
& Newton, 2009; McKenna et  al., 2015a) while all other 
known pupae in Staphylinidae and Staphylinoidea are 
exarate, including the sister subfamily Paederinae; and 
(2) the observations of Frania (1992) that freshly eclosed 
staphylinine pupae are actually exarate, then quickly 
transform into obtect pupae with molded appendages 
and thick cuticle. However, the functional significance of 
obtection in this subfamily remains unclear.
If the “aquatic” groups of beetles are set aside, one 
can recognize in Table 1 a broad general pattern in the 
number of functional pupal spiracles in the terrestrial 
beetle groups. For most of these groups (in the subor-
ders Adephaga and Archostemata, and the polyphagan 
series Bostrichiformia, Cucujiformia, Elateriformia and 
Scirtiformia, which together include the great majority of 
beetle families), functional spiracles are generally pres-
ent on at least the first five abdominal segments, up to 
and including all eight segments in a few groups. The full 
range of these possibilities can be found within some of 
the largest of these families. For example, Cerambycidae, 
which probably includes the highest percentage of 
known pupae among beetle families thanks to the ef-
forts of Duffy (1953-1968) and many later authors, ex-
hibits all four states (1-5, 1-6, 1-7, 1-8), although only a 
single species of Pyrrhidium Fairmaire (Cerambycinae) 
is reported to have all eight abdominal spiracles func-
tional (Švácha & Lawrence, 2014d). Duffy (1960) noted 
that although some cerambycid subfamilies such as 
Spondylidinae (as Aseminae) and Lepturinae appeared 
to have a constant number of functional spiracles (1-7 
and 1-5, respectively), the number varied within the oth-
er subfamilies; he concluded that the number had little 
value as a subfamily character, and found no satisfactory 
correlation between the number present and the pupal 
environment. The other polyphagan families in these se-
ries nearly all have functional spiracles in the range from 
1-5 to 1-7 within the larger families, or a fixed number 
within this range in the smaller families, while a full set 
of eight spiracles is generally rare or questionable and 
often in need of confirmation. The series Elateriformia, 
and especially its superfamily Elateroidea, have consis-
tently higher numbers compared to the other groups, as 
already noted by Paulian (1941) and Crowson (1981), and 
this often includes the full set of 1-8. In this survey, only a 
few apparent exceptions were found to the presence of 
five or more functional spiracles in this huge assemblage 
of beetles, in Discolomatidae and within Erotylidae, 
where only four pairs of functional spiracles are found or 
reported for some genera (Table 1).
The distribution of functional abdominal spiracles in 
pupae of the two remaining large groups of beetles, the 
series Scarabaeiformia and Staphyliniformia, stands in 
strong contrast to the above pattern. Rather than a min-
imum of five pairs (on 1-5), a great majority of species in 
this large assemblage has a maximum of four pairs (1-4), 
down to a single pair (on 1), or rarely none. There are ex-
ceptions, notably Hydrophilidae with functional spiracles 
on segments 2-6, Synteliidae with possibly the same ar-
rangement, and the possible presence of five pairs (1-5) 
in some Passalidae and Lucanidae (Paulian 1941, and 
observed on one unidentified passalid pupa). However, 
most if not all of the remaining families of Scarabaeoidea, 
all Histeridae, and all Staphylinoidea, have a confirmed 
maximum of four functional spiracles (1-4). There are 
a few anomalous reports of higher numbers that need 
further exploration, e.g., Morón (1993) noted that spira-
cles 1-5 or 1-6 may be open in some pupae of unnamed 
Cetoniinae, Morón & Salvadori (2006) reported that the 
pupa of the melolonthine genus Demodema Blanchard 
(now a synonym of Plectris Lepeletier & Audinet-Serville) 
had spiracles 5-7 open (even though they were very small 
compared to the clearly open 1-4), and Fuhrmann et al. 
(2019) reported that a series of pupae of the scarab spe-
cies Cylcocephala tucumana Bréthes included specimens 
with functional spiracles on either 1-4 or 1-5. Hinton 
(1941a) reported that a species of Tachinus Gravenhorst 
(Staphylinidae; Tachyporinae) had 1-3 plus 8 open, but 
my own study of the pupa (in poor condition) of the 
related genus Tachinomorphus, which seemed similar, 
found that the apparent 8th spiracle likely belonged to 
the pharate adult inside the pupal cuticle, and the pupa 
of another Tachinus species described by Mank (1923) 
showed conspicuous spiracles only on 1-3.
Before further discussing this unusual distribution 
pattern of functional pupal spiracles in beetles, it is worth 
considering some theoretical factors potentially rele-
vant to the question of why pupae might benefit from 
reducing the number of functional spiracles compared 
to the corresponding larval and adult stages of the same 
species. First, the pupa is an inactive stage, with no food 
or liquid intake. Thus, its oxygen requirements should 
be minimal, and certainly much lower than those of 
the active larval and adult stages. As noted by Crowson 
(1981), Keister & Buck (1964) demonstrated experimen-
tally that the oxygen consumption per unit weight of the 
few studied beetle pupae was found to be lower than 
even quiescent larvae and adults at the same tempera-
tures. Further, because there is normally no liquid intake, 
pupae may be highly susceptible to desiccation unless 
they are in a stable saturated environment. These factors 
would favor reducing the number of functional spiracles 
in pupae as compared to adults and larvae. However, 
such a reduction could be constrained by the size of the 
pupa, as can be seen from some simple calculations. If, 
as a first approximation, we assume the pupa is a cube, 
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then doubling the length of the pupa while retaining the 
cube shape would increase its surface area by the length 
squared, or 4 times, and increase its volume by the length 
cubed, or 8 times. The pupa’s oxygen requirement would 
presumably be proportional to its mass (or volume), but 
air movement into the tracheal system would be pro-
portional to the area of the spiracular openings (which 
are presumably proportional to the surface area of the 
pupa). In other words, with increasing pupal size, the ox-
ygen requirement may increase faster than the ability of 
the tracheal system to deliver it. Therefore, larger pupae 
should require more, or larger, functional spiracles, or 
both, compared to smaller pupae, in order to meet their 
relatively greater oxygen needs. Thus, there is much less 
constraint on reduction in number of functional spiracles 
for small pupae than for large ones. And finally, if size in-
creases within a group that originally has a very reduced 
number of functional spiracles, one might expect a sec-
ondary increase in the number of functional spiracles 
(which theoretically can be up to the number found in 
adults).
With these considerations of the potential impact 
of pupal size in mind, we can ask if the low numbers of 
functional spiracles in staphylinoids, histerids and most 
scarabaeoid families might be the result of one or more 
small-size bottlenecks in the history of these clades. 
According to the results of McKenna et al. (2015a), these 
three groups are each monophyletic but do not form 
a clade together, so the spiracular reduction to 1-4 or 
less is either derived independently in each of them, 
or the larger number in Hydrophiloidea and possibly 
Synteliidae (2-6) is secondarily derived from a smaller 
number of no more than 1-4. Modern hydrophilid pupae 
include a wide size range (ca.  2-30  mm) but are so far 
consistent in having functional spiracles on 2-6, but the 
small-sized hydrophiloid family Georissidae is reported 
to lack functional abdominal spiracles (Hansen, 2000).
The impact of small size on respiratory and other 
functional systems in insects in general has been ex-
plored by Polilov (2016), who noted that a reduction in 
the number of functional spiracles is a common result 
of extreme body size reduction in any life stage. The re-
lated idea of an ancestral small-size bottleneck has been 
previously proposed for the evolution of Staphylinoidea 
by Lawrence & Newton (1982), who suggested, based on 
adult characters such as simplified wing venation and a 
reduced number of Malpighian tubules, that ancestral 
staphylinoids were very small, and this is also consistent 
with the small size of many existing staphylinoids. The 
low number of functional pupal spiracles in this group 
is consistent with this interpretation, and even consis-
tent with the distribution pattern of functional spiracles 
among the included families and within Staphylinidae. In 
this superfamily, following McKenna et al. (2015a) and pri-
or studies, the set of relationships of families with known 
pupae is well established as (Hydraenidae + Ptiliidae) + 
((Agyrtidae  +  Leiodidae) + (Silphidae  +  Staphylinidae)). 
In the first monophylum (Hydraenidae  +  Ptiliidae) size 
is always small (adults less than 1  mm to ca.  2  mm) 
and functional pupal spiracles are found only on the 
first abdominal segment, a highly unusual condition 
that occurs in spite of other differences between these 
families (Hydraenidae have semi-aquatic or aquatic lar-
vae and adults and exarate pupae, while Ptiliidae are 
terrestrial with obtect pupae). The next monophylum, 
(Agyrtidae + Leiodidae), consistently has functional ab-
dominal pupal spiracles on 1-2 only, even though size 
differences are substantial (ca. 2-3 mm for most leiodids, 
10 mm or more for some agyrtids). The third and by far 
most diverse monophylum, (Silphidae + Staphylinidae), 
includes very small to very large species (less than 1 mm 
to over 30 mm), and includes more variation in the num-
ber of functional abdominal spiracles in pupae (1 only 
(rare), 1-2, 1-3, 1-4). Within this vast group, the largest 
species, in Silphidae and Staphylininae, consistently 
have spiracles 1-4 functional, while many subfamilies 
with smaller-sized species generally have 1-2 or 1-3 func-
tional. The number is usually consistent within a sub-
family, except for Osoriinae (where it is so far consistent 
within tribes) and Oxytelinae, which shows the greatest 
variation, even within tribes and within the single genus 
Bledius Leach. According to Staniec (2001a), most Bledius 
species have spiracles 1-2 functional, but some have only 
1 functional (possibly related to the semi-aquatic habitat 
in this genus, in which the immature stages develop in 
burrows in salt flats or other situations where the bur-
rows may be inundated frequently).
Histeridae also include many small species, especially 
in the subfamily Abraeinae, but most are medium-sized 
to large. Scarabaeoidea are even less likely candidates 
for a small-size ancestor, and modern species include 
some of the largest beetles, e.g., in Lucanidae, Passalidae, 
and especially in the scarab subfamilies Dynastinae and 
Cetoniinae, where pupae can exceed 60 mm in length in 
genera like Dynastes Kirby (Morón, 1987). And yet, even 
these monstrous pupae have only abdominal spiracles 
1-4 functional, although the spiracular openings are rel-
atively huge.
Perhaps the strongest argument against a small-size 
bottleneck in the ancestors of staphylinoids, scarabae-
oids and Histeridae as an explanation for the reduced 
number of functional abdominal spiracles in their pupae 
is the fact that very small terrestrial beetles outside of 
this group do not show a similar reduction. For exam-
ple, the families Micromalthidae (in Archostemata) and 
Ciidae, Clambidae, Corylophidae and Sphindidae (in four 
different superfamilies of Polyphaga) all have pupae in 
the 1-2 mm size range, but all have at least the first five 
abdominal spiracles functional, regardless of whether 
they are obtect (Clambidae, Corylophidae) or exarate. 
Our knowledge about the fossil history of beetles has 
grown dramatically in recent years, and potentially it will 
be possible to compare the fossil history of staphylini-
forms and scarabaeoids (which is now becoming clear, at 
least from the mid-Jurassic on) to the same history for the 
other “small-beetle” groups mentioned above, in order to 
compare the evolution of size in these groups and look 
for differences that might explain the differences in spir-
acular reduction. At present I can only suggest that small 
size may not be the main, or only, factor in determining 
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the degree of spiracular reduction in terrestrial beetle 
pupae, and that one or more other yet-undetected char-
acteristics of groups like the above staphyliniforms and 
scarabaeoids is a factor.
In any case, it does appear that these spiracular reduc-
tions occur consistently within staphylinoids, scarabae-
oids and Histeridae, with only modest variations even 
across the large size ranges found within the modern 
members of these groups. Even though the cause may 
be uncertain, this consistency in turn suggests a strong 
correlation between this character and the phylogenetic 
evolution of these groups. This character may thus have 
some value in placing certain controversial taxa. For ex-
ample, the small enigmatic family Jacobsoniidae was 
for a long time placed in or near Derodontoidea or its 
taxonomic predecessor Dermestoidea (Crowson, 1955, 
Bouchard et  al., 2011), but recent phylogenetic stud-
ies (e.g., Lawrence et al., 2011) indicated the group as a 
probable member of Staphylinoidea, and McKenna et al. 
(2015b, 2019) resolved Jacobsoniidae as a sister group to 
the monophylum (Hydraenidae + Ptiliidae). Jacobsoniid 
pupae are apparently unknown, but this current phylo-
genetic placement within Staphylinoidea leads to the 
prediction that they will have no more than four pairs of 
functional spiracles (on 1-4), and possibly only one pair 
as in its sister clade.
CONCLUSIONS
1) Beetle pupae have an evidently stable set of charac-
teristics useful for study of phylogenetic relationships 
at various levels.
2) Some features, such as obtection and gin traps or 
other protective devices, are clearly of multiple origin 
within Coleoptera but probably useful phylogeneti-
cally at or below the family level.
3) The number of functional abdominal spiracles in 
pupae is usually, but not necessarily, less than in 
larvae and adults of the same species, sometimes 
dramatically so in minute species (as in the clade of 
Hydraenidae and Ptiliidae).
4) The number of functional abdominal spiracles may 
be related to body size of the most recent clade’s 
common ancestor. Low numbers characterize some, 
but not all, groups with very small species, especial-
ly those associated with aquatic habitats where they 
are subject to strong modifications to prevent drown-
ing (e.g., in Myxophaga or Scirtidae), as well as certain 
non-aquatic groups that may have passed through 
a small-size bottleneck in their distant phylogenetic 
history, as has possibly independently occurred in 
staphylinoids, scarabaeoids and Histeridae.
5) Variation in the number of functional abdominal spir-
acles is much lower within modern groups of family 
rank or below than might be predicted from theoret-
ical considerations related to physical size. The num-
ber is often constant within large groups of species 
that vary enormously in size, as in most subfamilies 
of Scarabaeidae, in Hydrophilidae, and in “high-
er” Staphylinidae (Paederinae and Staphylininae). 
Also, the number is not invariably reduced in min-
ute beetles, as illustrated by the presence of a min-
imum of 5 pairs of functional spiracles in species of 
Clambidae, Ciidae, Corylophidae, Micromalthidae 
and Sphindidae. This suggests both that historical 
factors outweigh functional factors in many cases, 
and there is the potential for high phylogenetic infor-
mation content in this character.
6) Clearly, efforts toward establishing the number of 
functional abdominal spiracles in more pupae of 
Coleoptera already seems worthwhile from a phy-
logenetic perspective, and describing this character 
should become a standard part of pupal descriptions.
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